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ABSTRACT 
With the  recent  growth in genomics research,  complete genomic sequences  
of a  multi tude of species are  assembled at  an unprecedented rate (The  Cost  of  
Sequencing  a  Human  Genome n.d.) .  Therefore,  i t  i s  evident  that  ful l  
comprehension of encoded functional i ty i s  displaced  from that  increased 
knowledge rate.  
Genome-scale  metabol ic network reconstructions  try  to  achieve a  complete  
understanding of  the  metabol ic  features of  an organism by assembly a network 
of metabol ic  reactions  catalyzed by  enzymes and transporters found on the  
annotations  made for  the genome sequence (Palsson 2009) .  Such gene 
annotations  are  of ten generated by  applying prior  knowledge to  the  genomic 
sequence   
The reconstruction process  of  a  genome -scale metabol ic model  encompasses  
four s teps , namely: (1)  Genome Sequencing ; (2)  assembl ing the genome-wide  
metabol ic network ; (3)  Conversion of  the network to  a s toichiometric model  ;  
(4)metabol ic  model  val idation (Merl in  Homepage n.d.) .  
In this thesis, the main aim i s  to use the genome sequence of  Lactobaci l lus 
rhamnosus GG  and data generated at LNEG to reconstruct the metabol ic  
network  of  L.  rhamnosus .  The  main  tasks  was  the  accomplishment of  the 
metabol ical ly  annotate  the genome and perform a prel iminary analysis of the 
resulting metabol ic  network (Lin,  Bennett ,  and San 2005;  Lopes  da  Si lva et  al .  
2013).  
In spite of  the work done, there is  s ti l l  a long way to go unti l  the construction 
of a functional  model .  The main s teps s ti l l  to be tak en are the Transport  
prediction,  removal  of the dead ends,  compartmental iza tion and the  assembly 
of model .   
Another  improvement for  this work  would  be the val idation of the model  whit  
real  data for  L.  rhamnosus GG ,  instead of  the  data  from the  Lactobaci l lus 
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RESUMO 
Com o recente  crescimento da  pesquisa  ao nível  genómico,  tem levado ao 
aparecimento inúmeras sequencias genómi cas completas  das mais variadas 
espécies(The  Cost of Sequencing a Human Genome n.d.) .  Portanto, é  evidente  
que a compreensão completa da funcional idade do genoma  é desproporcional  à  
taxa que se  gera o conhecimento.  
As reconstruções  de  redes  metaból icas  à  escala gen ómica  tentam alcançar  
uma compreensão completa das característi cas metaból icas de um organismo 
através da montagem de  uma rede de  reações metaból icas  catal isadas  por  
enzimas e transportadores encontradas  nas anotações  feitas para  o 
genoma(Palsson 2009) .  
O processo de construção de um modelo metaból ico à escala genómica  
abrange quatro etapas : (1)  Sequenciamento do Genoma /Anotação;  (2)  
montagem da rede metaból ica do genoma;  (3) Conversão da rede para um  
modelo estequiométrico; (4)  val idação do modelo metaból ico (Merl in Homepage 
n.d.) .  
O principal  objetivo desta tese é usando a sequência genómica d  
Lactobaci l lus rhamnosus GG  e os dados  gerados na LNEG para construir a  rede  
metaból ica de L.  rhamnosus .  As principais tarefas foram a  anota ção do genoma 
e real ização uma anál ise prel iminar da  rede  metaból ica  resultante (Lin,  Bennett , 
and San 2005;  Lopes da Si lva et al .  2013) .  
Apesar do trabalho real izado, ainda há um longo caminho a percorrer até a  
construção de um modelo funcional .  Os principais passos a serem tomados são 
a previsão dos transportes , a  remoção dos dead ends , a compartimental ização 
e a criação do modelo.  
Outra melhoria  para  este trabalho seria a  val idação do modelo  com dados  
reais para  L.  rhamnosus GG ,  ao  invés  dos dados  da  strain Lactobaci l lus 
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I t is  apparent  that  ful l  perception of  encoded functional i ty  is  displaced from that  
expanded learning rate.  An example of  thi s discrepancy  is  the  Polaromonas sp.  
strain JS666 whose genome is total ly  sequenced although few biochemical  
evidences were  further  obtained (Jennings et al .  2009;  Ma ttes  et  al .  2008) .  
Genome-scale  metabol ic  network  reconstructions  endeavor  to  accomplish a  
global  comprehension of  the  metabol ic features of a l i fe form by  assembl ing a  
network  of  metabol ic  reactions  catalyzed by enzymes and transporters  found on the  
annotations  made for  the genome sequence  (Palsson 2009) .  Such gene annotations  
are frequently  obtained by applying prior  knowledge t o the  genomic sequence ,  
uti l izing algorithm s l ike for example  BLAST or HMMER ,  which analyze the sequence 
simi larity to previously known enzyme s and i denti fy best  matching homologs.  
There are a  few open databases that can be used in these  organism specif ic  gene  
annotations  to  uncover  the functional i ty of  the encoded enzymes, in  a manual  or 
automated way , such as KEGG, BRENDA or  MetaCyc.  Since the fundamental  goal  is  
the  remaking of metabol ic  networks ,  usual l y the data  are  arranged and s tored in  
various level ed Gene-Protein-Reaction af f i l iations , although the s torage of  
transcriptional  and regulatory associations/networks could also be included.  
Although every one of  those databases could be uti l ized in the  generation of  
metabol ic  networks ,  they  have  altogether  d i fferent  proprieties and incorporated 
information.  KEGG does not give sol id qual i ty gene annotations for metabol ic  
network  reconstruction purposes  for many  organisms (Green and Karp 2006) , but  
has some of  the most complete pathway  schemes and can s ti l l  serve as  a reference 
framework for  network  model ing  and network gap f i l l ing .  BRENDA is  an  enzyme 
database  which contains  manual ly curated information f rom organism -specif i c 
enzyme assays or protein structure s tudies  (Scheer et  al .  2011)  being,  in this manner  
adequate  for high confidence reconstructions.  MetaCyc is  a metabol ic network  
database  with  more  than 2260 pathways  from 2600 distinct  organisms having a  
portrayal  of  each reaction,  metabol ite,  gene associati on on each pathways.  
With the  expanding number of entire sequenced genomes, there was  additional ly 




quanti ty of  genome-scale metabol ic  network is  accordingly  expanding  despi te the  
fact  that  at  much slower  rate. (Palsson 2009) .  
To help scientist  in the  notorious task  of  bui lding genome -scale  metabol ic  
networks ,  automated reconstruction sof tware packages  were created.  These  
bioinformatics tools recover the s tored data and assemble automatical ly  a draft  
reconstruction of  the metabol ism of  a  specif ic l i fe form. Some product  l ike Model  
SEED and PathwayTools  have  the  capacity  of automatical ly  predict ing the  GPRs  
based solo  in  the annotation  (Peter  D Karp,  Latendresse ,  and Caspi  2011) ,  f i l l ing up 
network  gaps  and even converting the  network to  functional  models  (Peter  D Karp 
et al .  2010) .  
However, s ince a  considerable sample of the  gene products  are anticipated f rom 
earl ier learning got from orthologous  genes,  a few forecasts  result  in unannotated 
or even miss ing annotated enzymes.  Moreover, regardless of  enzyme annotation 
being right ,  a  portion of  those  enzymes can uti l ize di fferent  substrates  
simultaneously.  Additional ly, with the  expanding number  of  annotated genes  on 
those  databases the  predictions  made by  programming that  use those  same 
databases  have  lesser certainty about expl ici t functional i ty .   
Currently produced genome -scale reconstructions  of ten have gen ome coverage  
around 20%, because  of  the  huge  rate  (30 -40%)  of  hypothetical  proteins  
unannotated in the  genome and since  a  large number  of  the  anticipated coding  
sequences  belong with  non -physiological ly  pertinent  proteins.  That  impl ies that i t  
is  important  to  supplement the l ist  of enz ymes with different source s of biochemical  
data , to f i l l  holes,  includ ing new pathways that have a high certainty level  in the 
reproduced metabol ic network.  In  occurrences  where  the  metabol ic  network  is  
missing at least one  re action to f inish a metabol ic pathway, the researcher  must  
choose whether to incorporate a biochemical  reaction lacking  (Wittig  and De  
Beuckelaer 2001) .  
A genome-scale  metabol ic network can be  adjusted into  a  mathematical  model ,  
to  try  simulate  biological  behavior.  One  way  to  deal  wi th  metabol ic  model ing is  to  
use conventional  ordinary di fferential  equat ions (ODEs) to assess the dynamics of  
the metabol ites  in the  model .  Nonetheless, such methodology is  practical ly  
impracticable for model ing large complex system s with l i ttle a priori  knowledge, 
since i t  requires  a  lot  of  pre -determined dynamic parameters and intracel lular  
concentration s.  A few enhancements  for foreseeing thermodynamic parameters of  
those reactions were accomplished uti l izing algorithms that incorporate the  
reaction of  Gibbs free energy  (Feis t e t  al .  2007) .  Another  methodology,  increasingly 
reasonable  for  model ing genome -scale metabol ic  networks , is  constraint-based 
model ing, which  forces  zero -order  kinetic  requirements (mass  balanced reactions)  
to  restrict  the  potential  behaviors of  a  reactional  network and at  the  same time 
enhances  for  the  maximization of  a f lux rate or  a  metabol ite  generation,  usual ly 
biomass for growth (Thiele and Palsson 2010) .  The most uti l ized procedures are the  




Currently there  are  a few different  ways  to construct  a  metabol ic model ,  some 
more automated than others.  T he  main tools used to  aid  this  task  are  presented in  
table 1.  
 
T ab le  1 -  On l in e to ol s  an d da ta ba ses fo r  in s i l i co mo d el co nst ruct io n.  A va r iety of  too l s a re 
a va ilab le  to  a id  th e a uto ma ted  co n st ru ct io n ,  val ida t io n  a nd  ver if i ca t io n  o f  in  s i l i co  mo d els .  T h ese 
in c lu d e too l s  f o r  g eno me an no ta t ion ,  O p en  R ead in g  Fra mes  f un ction  ass essmen t ,  pa th wa y d es ig n , 
a nd  o p timiza t io n rou t in es   
Systems metabolic engineering online databases and computational tools(Blazeck and Alper 2010; 
Copeland et al. 2013) 
Databases for automated and manual genome 
annotation 
TRANSPORT DB, WIT, SGD, KEGG, LIGAND, 
BioCYC, EcoCYC, MetaCYC, and BRENDA, 
UniProt, SWISS-PROT. 
Elucidating gene function for unknown ORF Gene Finders (GLIMMER, GlimmerM, Exonomy 
and Unveil or GENSCAN) 
Homology based (BLAST, FASTA or HMMER) 
Non-homology based (Prolinks database) 
Pathway completion tools REBIT, BNICE, FMM, PathBLAST 
In silico modeling tools MOMA, ROOM, OptKnock, OptStrain, OptReg, 
OMNI, COBRA Toolbox, COPASI, GrowMatch. 
Automatic reconstruction tools  merlin, pathway tools, raven, SEED 
 
1.2. Objectives 
Given the  described context ,  the  main aim of this  work  is  to use  the  genome 
sequence  of Lactobaci l lus  rhamnosus  (L. rhamnosus )  GG  to reconstruct the  
metabol ic  network  of  L.  rhamnosus .  The  main tasks  wi l l  be  to  metabol ical ly  annotate  







2. STATE OF THE ART 
 
2.1. Molecular biology 
Molecular biology is  a branch of  science concerning biological  activity at  the  
molecular level  represented in f igure  1 .  
The f ield of molecular biology is  related whit biology,  genetics and chemistry.  A  
key area  of molecular  biology  concerns  seeing how different  cel l  systems cooperate  
as far  as the  way DNA , RNA and protein  synthesis function.  
Molecular  biology  takes  a  gander  at  the molecular  instruments  behind 
procedures of transcription, repl ication and cel l  work.  One approach to describe  
molecular biology is  to  state i t  concerns seei ng how genes  are transcribed into  RNA 
and how RNA is then translated into protein  (sciencedai ly n.d.) .  
A great  part  of  the  work  in  molecular  biolog y is  quantitative,  and recently work  
has been done  at the interface of molecular biology and sof tware engineering in  
bioinformatics and bio  computati on (Biol ogia Molecular  n.d. ;  infoescola  n.d. ; 
sciencedai ly n.d.) .  
 
Fig u re 1-  Th i s sch eme sho ws  th e ma in  f ie lds  in  wh ich Mo lecu la r B io lo gy  pla y a ro le.  T h e f ie ld  
o f  mo lecu la r  b io log y  o ver la ps  wi th  b io lo g y ,  g en eti cs  a nd  b ioch emist ry ,  wh ere molecula r b io lo g y 




2.2. Metabolic engineering 
Metabol ic Engineering  can be describe as the redirection , manipulation and 
construction  of cel lular metabol ism to  obtain  biocatalysis  or  biosynthesis  of  desired 
compounds  (Stephanopoulos  2000) .   
The bases  of Metabol ic Engineering have started being developed in the 1970s  
with the advancement of  one  important tool  in the f ield  of  geneti c engineering  -  
recombinant DNA technology  (Woolston,  Edgar, and Stephanopoulos 2013) .  This  
new approach permitted to consider the organisms in i ts integrate , as one of the  
characterizing parts of ME is the attention paid to systems-level  understanding  
rather  than to  individual  responses ,  which  impl ies analyzing whole biochemical  
reaction networks.  
Another  part  of  Metabol i c Engineering is  the  cel l  improvement, contrasted with  
arbitrary mutagenesis.  Metabol ic Engineering is  the coordinated improvement of  
cel l  properties  through the  al teration of  expl ici t biochemical  responses ,  with  the  
uti l ization of recombinant  DNA innovati on  (George Stephanopoulos,  Aristos  
Aristidou 1998;  Stephanopoulos  2000) .  
The main  goal  of Metabol ic Engineering  is  the production of  useful  biochemical  
products.  This  principle objective is  accomplished by control  of biochemical  
pathways , that decide the cel l  physiology, prompting the over -generation of target  
compound (Kulkarni  2016) .  This objective can be  achieved by various means :  
1-  By overexpressing  the  gene  encoding  the  enzyme that  participates  in  the  
pathway  of  the  target product;   
2-  By inhibiting the competing metabol ic reacti ons that  use the same precursor  
of the target  product  for  another  biochemica l ;  
3-  By carrying out  the production o f  the desired biochemical  in a  non-native  
organism;  
 
2.3. Systems Biology 
Systems biology is  a hol isti c approach to decoding the complexity of biological  
systems that  starts  from the understanding that  the networks  that  form the  l iv ing 
organisms are more  than the sum of the ir parts.  I t is  a col laborative f ield,  
coordinating  numerous f ields of  science ,  bi ology, computer  science , engineering, 
bioinformatics,  physics ,  to  anticipate  how these systems change  along  time and 
under di ffering conditions  (Breitl ing 2010; wikipedia n.d.) .  
These  f ields have  reformed the  manner  in  which  biological  research is  led ,  
including the s tudy of several  omics.  There  are three noteworthy omics that are  
relevant for  the  achievement of systems-level  understanding of  biological  systems :  
metabolomics , proteomics and transcriptomic s  
Transcriptomics is  the  investigation of  the  transcriptome,  the  total  arrangement  
of RNA transcripts  that are generated f rom the genome, under expl ici t conditions  




for example,  RNA-Seq or microarray analysis  (Jongeneel  et al .  2001; R.  Lowe et al .  
2017;  wikipedia n.d.) .  
Proteomics is  the analysis of the entire protein complement of a cel l ,  tissue, or  
organism under a  specif ic, defined set of  conditions .  This f ield uses various  
techniques and technolog ies such as  protein fractionation techniques ,  mass  
spectrometry and bioinformatics  (Tomislav Meštrović ;  Graves and Haystead 2002; 
Husi , Albalat,  and Albalat  2014) .  
Metabolomics is  a recently r is ing f ield of "omics", focus ing on the  
characterization of the smal l  molecule metabol ites in biological  systems.  I t can 
provide a  global  view of  the biochemical  events associated with  a  cel lular  or  
biological  system. (Cl ish 2015;  Roessner  and Bowne 2009) .  
2.4. Genome scale metabolic models 
The exploi tation of microorganisms in  medical ,  industrial , food and 
environmental  biotechnology requires a n  extensive understanding of their  
physiology  (Lin,  Bennett,  and San 2005;  Lopes da  Si lva et  al .  2013;  Wendisch,  Bott ,  
and Eikmanns 2006) .  The accessibi l i ty of information on genome sequencing permits 
an increased comprehension of  organism physiology at  the systems l evel ,  and 
genome-scale metabol ic  (GSM)  models  are valuable for  performing integrate  
analysis of  metabol ism  (Liu,  Ma,  and Goryanin 2013) .  GSM  models  are  produced 
from a  combination of genome sequence  information and detai led  biochemical  data  
and these  recreated models  can be uti l ized for dissecting  and simulating operation 
of metabol ism in  response  to  different  stimul i  (Dias  et  a l .  2015;  Lin ,  Bennett ,  and 
San 2005;  Schaffrath  and Breunig 2000) .  
Stoichiometric  models  of  metabol ism are representations  of  the  ful l  or  part  of  the  
metabol ism of  a cel l .  
They can be represented using a formal  mathematical  description:  
1-  A stoichiometric  matrix  is  bui ld according  to  the metabol ic  reactions ;  
2-  Each row of  the matrix represents  one  metabol ite and each column represents  
one reaction;  
3-  Each element of the matrix is  the sto ichiometric coeffi cient of  the  
correspondent  reaction and metabol ite(s)  
This matrix , together with other  l inear constraints ,  al lows  performing analyses  
to  predict f lux dis tributions , by  using  tools such as  Flux Balance  Analysis (FBA) ,  
Parsimonious Flux Balance  Analysis (pFBA),  Flux  Variabi l i ty  Analysis (FVA)  or  
others  methods(Dias  et  al .  2015) .  
The most used methodologies are  the  Flux  Balance Analysis ( FBA ) .  
The reconstruction process of  a genome -scale  metabol ic  model  encompasses  four  
steps , namely:  
1-   Genome Sequencing  and annotation ;  
2-  Assembling  the genome-wide  metabol ic  network ;  




4-  Metabol ic model  val idation (Dias  et  al .  2015) .  
At f i rst ,  the genome of  the  organism is  recovered from  an open database  of  
genomic information.  The fol lowing stage is  the determination of coding sequences  
and the functional  annotation of  gene s,  which  can be  retrieved by  f inding  
homologous  protein  sequences.  Here ,  retrieved data  includes  Enzyme Commission 
and Transporter  Classi f icati on numbers and the gene  associations.  The  part of  the  
genome tha t wi l l  be  used in the model  is  only the  genes encoding enzymes  or  
membrane transporters.   
This s tep can be  accomplished by  per forming a Basic  Local  Al ignment Search Tool  
(BAST)  or  a H MMER.  
Another  step is  the identi f ication of the  metabol ic reactions associated wi th the  
organism. To retrieve candidate  biochemical  reactions,  the EC numbers  are  matched 
to biochemical  reacti on databases, such as KEGG or  BREN DA and to already existing  
curated GSM models for  phylogeneti cal ly  close organisms (e.g.  the  models in  BIGG 
database).  
A crucial  step in the reconstruction of GSM  models is  the inclusion of reactions  
which are not  inferred from genome annotation.  Such reactions  include 
spontaneous  reactions  and their addition wi l l  decrease the number of dead -end 
metabol ites and improve network  connectivity  (Dias  et  al .  2015) .  
Another  requirement of these  models  is  the i nclusion of  reactions  that  represent  
a drain of  bui lding blocks into the  biomass  (Dias et al .  2015; Eremina et  al .  2010;  
Moses et al .  2008) .  Growth-associated energy requirements , which  represent the  
amount of  energy depleted during  repl icat ion,  should  also  be included  in the 
biomass equation.  
The  third  stage  of  the  reconstruction process involves  converting  the  reactions  
l ist to  a constraint -based mathematical  model , including  by assuming a s teady -state 
condi tion.  I f  no constraints are  imposed on the  model ,  i t can take  up or excrete  
compounds  at  any  arbi trary  rate ,  which  is  cl early not representative of l iv ing cel ls  
(Dias et  al .  2015; Schaffrath and Breunig 2000; Scheer  et  al .  2011) .  
Once a metabol ic network  is  obtained, the fol lowing step is  to  veri fy and evaluate 
the reconstructed GSM  model .  The f i rst  step is  to che ck i ts  consistency,  to identi fy 
metabol ic  gaps  and to  track  how different  substrates  are  catabol ized into  different 
metabol ites  (Dias et al .  2015;  Schaffrath  and Breunig 2000) .  
The last  step of the reconstruction process is  testing the  models metabol ic  
capacity  at  three  dis tinct  levels: the  abi l i ty  to  produce biomass  precursors;  the 
growth rate on different  types  of media ; and whether  the  model  is  able to  secrete  
by-products  and whether  the  specif ic  production rates  of  metabol ites  are correct  






2.5. merlin tool 
merl in  i s  an open-source  tool ,  currently avai lable for Unix and Windows.  The 
appl ication is  ful ly  implemented in Java.  
merl in  uses several  Java  l ibraries to  access  web services ,  namely BioJava (Prl ić  et  
al .  2012) , NCBI  Uti l i ties Web Service  Java Appl ication Programming Interface (API), 
UniProtJAPI  (Patient et  al .  2008) , and the KEGG Representational  State Transfer  
(REST)  API , among others.  
This tool  has  the abi l i ty to annotate  a genome with both  enzymati c and t ransport  
functions , and bui ld a  draft  GSM  model , with minimum user interactions  (Dias  et  al .  
2015;  Merl in Homepage n.d.) .  
merl in  tool  performs several  s teps  of the reconstruction  process  in a  
semiautomatic  manner,  including the  functional  genomic annotati ons.  For  
performing the  annotation of  the genome it  uti l izes  Basic  Local  Al ignment Search 
Tool  (BLAST)  and HMMER. The resul ts  from BLAST or HMMER  are evaluated and an 
automatic  annotation  of  the  genome is  showed.  The  tool  assigns  annotations  to 
each gene  of  the target  organism,  using  an  internal  score that weights  the 
frequency  of  functions and the  taxonomy of  every homologue  of  each gene of the 
genome (Merl in Homepage  n.d .) .  
merl in  i s  helpful  for  other  s teps  of  the reconstruction of  model s  such as  the  
transporters annotation, assembl ing the genome scale metabol ic models , model  
curation and val idation of the  model .  
2.6. Lactobacillus rhamnosus GG (ATCC 53103) 
L.  rhamnosus  i s  a Gram-positive, non-moti le, non-sporulating rod-shaped 
facultative anaerobic lactic acid bacterium and can be isolate  from the  human 
gastrointestinal  mucosa.  
L.  rhamnosus  GG, was original ly isolated from fecal  samples by She rwood 
Gorbach and Barry  Gol dwin,  which  can explain i ts  typical  surname  GG.  I t  was 
distinguished as  a potential  probiotic s train  in l ight of i ts  protection from acid  and 
bi le  and adhesion capaci ty to  the  intestinal  epithel ial  layer (Doron S. ,  Snydman DR.  
2005).  From that point  forward, i t has  been a standout  amongst the  most broadly 
examined probiotic s trains,  uti l ized in an  assortment of probiotic  i tems.  The  
beneficial  effects  of this  strain have been studied in  cl inical  tr ials and human 
intervention studies  (Doron S. ,  Snydman DR.  2005; Lebeer,  Vanderleyden, and De  
Keersmaecker 2008) .  
This microorganism demonstrated a high capacity of lacti c acid production in  
industrial  environments (Bernardo et al .  2016; Lopes  da Si lva et  al .  2013) .  
Lactic  acid  fermentation in  L.  rhamnosus  i s  relatively fast ,  has  high yields,  and 
can lead,  selectively,  to  one of  i ts  tw o s tereoisomers or  the racemic mixture.   
Lactic  acid  is  a multi functional  profitable natural  acid and as  of  recently has  been 




and biocompatible polymers,  for example , poly(la ctic  acid) (PLA),  an  ecological ly  
correct  alternative  to  conventional  non-biodegradable  plasti cs  derived from 
petrochemicals  (Axelsson et al .  2012;  Datta  and Henry  2006) .   
2.6.1. Genome  
The genome of  s train GG is constituted  by  a si ngle circular  chromosome 3. 01 Mbp 
in size; the genome is one  of the largest sized of the Lactobaci l l i  genomes, which 
typical ly  average ≈  2  Mbp.  
Fosmid l ibrary  of the strain GG genome was  constructed using the  CopyControl  
Fosmid Library  Production Kit (Epicentre).  Genomic DNA was sheared by  several  
passages through a hypodermic needle, the puri f ied DNA fragments  (40–45 kb) were 
l igated into  the  Copy Control  pCC1FOS vector,  and the  l igated vector  was  packaged 
according  to the manufacturer  protocol .  Fosmid end and plasmid sequencing was  
performed using an ABI  BigDye  Terminator  Cycle Sequencing Ki t  and a 96-capi l lary 
3730xl  DNA Analyzer  (Appl ied Biosystems).  
Portions  of  genome missing from the  fosmid l ibraries  were  sequenced directly 
from GG (18. 5 Mbp wi th 6.1 -fold coverag e)  genomic DNA using the Genome 
Sequencer GS  20 (Roche Appl ied Science).  Direct sequencing of PCR-ampl i f ied 
fragments from genomic DNA was per formed to f i l l  in remaining sequence  gaps and 
confirm contig order.  The  GG genome sequences were  assessed for qual i ty (Phred) , 
assembled (Phrap) , and edited (Gap4) using the Staden softwa re package (Staden,  
Beal , and Bonfield 1999) .  Sequence  data obtained from the  Genome Sequencer  GS 
20 were assembled by the gsAssembler (Roche Appl ied Science)  (Kankainen et al .  
2009).  
The rough number  of  identi f ied  genes was  ≈ 3000.  The  genome of s train  GG shows  
a high  degree  of  sy nteny  that  is  unexpectedly interrupted by  several  genomic 
is lands.  The f ive genomic is lands  in  s train  GG (designated GGISL1 -5)  are  anticipated  
to encode  80 unique proteins with  lengths of  100 residues or more (Kankainen et al .  
2009).  Al l  the genomic is lands  were identi f ied , as  those DNA sequences deviate in  
codon usage, base composition and dinucleotide frequency from the rest of the  
genome (Tu and Ding 2003) .  The GG -speci f ic is lands  included genes  coding for  
bacteriophage components,  sugar  metabol ism and transport,  an d 
exopolysaccharide  biosynthesis.  Moreover , these  genomic is lands  were  not  
conserved between closely  related s trains ,  suggesting that they originated by  
horizontal  gene  transfer  (Kankainen et  al .  2009) .  
For the  GG genome,  the prediction and annotation of  genes were  accomplished 
using simi lar methodologies.  ORF predictions  were performed by Gl immer3 (Arthur  
L Delcher et al .  2007)  using the i teration mode, threshold (score  >50) , minimum 
gene length (150 bp), and maximum overlap  (50 bp) adjusted parameter settings.  
Potential  s tar t codons were veri f ied manual ly by evaluating the location and motif  
al ignment scores  for  r ibosomal  binding  si t es  and by  comparing BLASTP  al ignments  
of s imi lar proteins  (Altschul  e t  al .  1997;  D.  L.  Wheeler  et  al .  2008) .  Intergeni c 
sequences  (with 50-bp f lanking regions) were re -examined for ORFs using BLASTX  




SE  (T.  M.  Lowe and Eddy  1997)  in  the  COVE-only mode and RNAmmer  (Lagesen et al .  
2007)  with default  settings,  respectively.  Manual  primary  annotations  were  
determined by  comparing the predicted and translated ORFs  with the  publ ic  protein  
sequence  database  using BLASTP  with  default parameter  settings  (Altschul  e t al .  
1997;  D.  L.  Wheeler  et  al .  2008)  and based on protein  sequences  tha t  al igned with 
more than 35% amino-acid identity and 80% coverage threshold.  Addi tional  
annotation information was  obtained using InterPro  (Mulder et al .  2007)  (default  
settings) , KAAS  (Moriya et  al .  2007)  (set  at bidirectional  best -hit  defaul t  mode 
against al l  known enzymes) , and COGni  assigned annotations accordingly.  Al l 
matches  obtained from searches of the Super  Family database  having e -value 
cutoffs  of  >0.01 were  accepted  (Kankainen et al .  2009) .  
The genome encodes  a ubiqui tous set of  phosphotransferase  system (PTS) 
transporters as wel l  as many carbohydrate -metabol izing enzymes depi cted in a 
metabol ic  network reconstruction.  The  abi l i ty to  use  lactose  was  lost  in strain  GG 
because of frameshif ts in the antiterminate ( lacT) and 6 -phospho-β-galactosidase  
( lacG)  genes  (Kankainen et  al .  2009) .  Other experimental ly veri f ied  metabol ic 
di fferences ,  including  the  inabi l i ty of  s trai n GG to  use  rhamnose,  r ib ose,  and 
maltose,  were explained by genetic  variations in enzymes or transporters.  Also ,  40 
and 49 genes  predicted to  encode  potential  g lycosidases in  the  genomes  of  strains  
GG were identi f ied (Kankainen et  al .  2009) .  Because of their annotation and 
predicted cel lular location 10 of these genes may parti cipate in peptidoglycan 
hydrolysis and conversion of  complex  polysacchar ides  and prebiotics to  simple 
carbohydrates  (Kankainen et al .  2009) .  
Other  features  of  the  genome are shown in Table 2 (Kankainen  et  al .  2009) .  
Carbohydrate uti l ization assays showed that  strains  GG use a variety of  mono - 
and disaccharide  substrates  (Table  3) ,  a  metabol ic activity considered advantageous  
for bacteria residing in  the carbohydrate-rich  proximal  region of  the smal l  intestine  





T ab le  2-  Gen era l  g eno mic  f ea tu res  o f  L .  rha mno su s  GG ( Kankainen et  a l .  2009) .  
Organism L. rhamnosus GG 
Genome size, Mbp 3.01 
No. genes 2944 
Plasmids 0 
rRNA operons 5 
tRNA genes 57 
GC content, % 47 
Coding efficiency, % 85 
Average gene size, bp 873 
Transposases 69 








T ab le  3-  Su mma ry  o f  th e ut i l i za tion  o f  key ca rb oh yd ra tes  b y  L.  rh a mno sus  GG ( Su ga r  
u t i l i za tion  wa s  mea su red a cco rd in g  to th e API  50 CH  ( B io mer ieu x®)  tes t.  N D (no t  
d etermin ed) . ) ( Kankainen et a l .  2009) .  
 
Substrate Sugar Utilization Predictive transport system 
Cellobiose + PTS 
Fructose + PTS 
Galactose + Galactose proton symporter? 
Glucose + PTS 
Lactose - PTS 
Maltose - ABC transporter / PTS 
Mannose + PTS 
Rhamnose - L-rhamnose-proton symport 
Trehalose + PTS 
Ribose + ? 
Sucrose + PTS 
Sorbose - - 
ß-glucoside ND PTS 
N-acetyl-glucosamine + PTS 
Sorbitol + PTS 
Glucitol ND PTS 
Galactitol ND PTS 




2.7. Systems metabolic engineering online databases and computational tools. 
2.7.1. Databases for automated and manual genome annotation. 
  The BioCyc  i s  a  group of  Pathway  or  Genome DataBases  (PGDB)  that  
presents information on genomes and cel lular network s, as wel l  as  
al lows powerful  computational  analysis and exploitation  of  the  
database(Peter D Karp et al .  2002) .  
 
The EcoCyc  and MetaCyc  databases (DBs) are  onl ine reference hotspots  
for  metabol ic  information.  They  are  comparable i n  describing metabol ic  
pathways , enzymes, reactions and substrate  compounds .  Both DBs  use  
the same DB schema.  Both are accessed using the  same software  
environment, cal led the Pathway Tools  (Peter D Karp  et  al .  2000) .  
MetaCyc  i s  a  wel l -known metabol ic pathway database  that  contains  
information on organism enzymes and pathways  involved in primary and 
secondary metabol ism and i ts  associated  compounds , enzymes,  and 
genes (P D Karp  et  al .  1999; Peter D Karp et al .  2000) .  
 
  BRENDA ,  Braunschweig Enzyme Database is  a  protein  function database ,  
which contains a huge amount of enzymatic and metabol ic data and is  
updated and evaluated by extracting information from primary  
l i terature. (BREN DA n.d. ;  Scheer et al .  2011) .  
 
  UniProtKB  Universal  Protein Resource Knowledgebase (UniProtKB)  is  a  
col lection of  accurate  and rich  information on proteins.  I t consis ts of  
two sections :  the  f i rs t  section contains  manual ly annotated proteins  
with information extracted f rom l i terature  and computational  analysis  
(referred to as UniProtKB/Swiss -Prot)  and the second section with  
computational ly analyzed proteins  to be  ful ly  manual ly annotated yet  
(UniProtKB/TrEMBL)  (Apwei ler et  al .  2004) .  
 
2.7.2. Elucidating gene function for unknown ORF. 
 
  Glimmer  i s  a framework for  discovering genes in DNA, parti cularly the  
genomes of  microscopi c  organisms,  virus ,  and archaea.  Gl immer uti l izes  
Markov models ( IMMs)  to recognize  the  coding genes and separate the m  
from noncoding DNA  (A  L  Delcher  et al .  1999) .  
 
  The  BLAST  developed by  Altschul  (1990)  (Altschul  et  al .  1990) .  The  BLAST  
i s  a  set  of al gorithms that  attempt to  f ind  a  short  fragment of  a  query  
sequence  that  al igns perfectly wi th a  fragment of a  sequence  found in  a  
database.  For the original  BLAST  algorithm, the fragment is  then used 




BLAST  looks  for short  sequences  in  the  query that  match short  
sequences  found in  the database , al lowing the annotation of the  
unknown genome by  comparing  with  the  genome s already  s tudied  
(BLAST n.d.) .  
 
  Profi le hidden Markov  models (profi le HMMER )  (Krogh et al .  1994)  
represent  an  important  advance  in  terms of sensitiv ity  of  sequence  
searches  for  remote homology.  They provide a formal  probabi l istic  
framework  for  sequence  comparison and improve  detection of  remote  
homologs by  enabl ing position -specif ic  residue and gap scoring based  
on a  query  profi le, and  calculating  th e  signal  of  homology based on the  
more powerful  ‘Forward/Backward’ HMM  algorithm that computes not  
just  one  best-scoring  al ignment,  but  a  sum of support  over  al l  possible  
al ignments  (T.  J .  Wheeler and Eddy 2013) .  
 
2.7.3. Pathway completion tools 
 
  PathBLAST  i s  a network al ignment and search tool  for comparing protein  
interaction networks across species to identi fy protein pathways and  
complexes that have been conserved by evolution.  The basi c method 
searches  for  high-scoring al ignments  between pairs  of  prote in  
interaction paths,  for  which  proteins  of  the  f i rst  path  are  paired with  
putative orthologs occurring in  the same order in the second path.  This  
technique discriminates  between true - and false-positive interactions  
and al lows  for  functional  annotation of  protein interaction pathways  
based on simi larity to  the network of another , wel l -characterized  
species  (Feis t e t al .  2007;  pathblast n.d.) .  
 
2.7.4. In silico modeling tools. 
Val idation of Genome-scale Metabol ic  Models  
The GSM model  should be val idated by comparing computer simulations to  
laboratory data.  This  assessment al lows  improving the model  as  i t measures the  
accuracy  of  the  model  (Dias et al .  2015) .   
  The FBA  identi f ies f lux distributions  under  steady state  assuming a given 
optimal  condi tion.  This  algorithm usual ly uses the maximization of the  
biomass f lux  as  objective function to simulate the  cel lular growth, or  
the maximization of ATP to simulate  the  natural  objectives of  the  cel l  
(Orth,  Thiele,  and Palsson 2010) .  
 
  Method Of  Minimization of Metabol ic  Adjustment ( MOMA )  is  good at  




MOMA is  based on the same stoi chiometri c constraints as  FBA,  but has  
a relaxed display for optimal  growth f lux  when genes are deleted.  
Therefore ,  MOMA mimics  with  higher  accuracy the  metabol ic networks  
of a  mutant  cel l  to  determine i ts  growth than F BA(Vitkup and Church 
2002).  
 
  OptFlux  i s  an open-source user-friendly software, implemented in Java ,  
that  appl ies s teady-state  s toichiometric  models to  s tudy  the  phenotype  
of microorganisms, under  di fferent environmental  and geneti c  
condi tions.  this tool  incorporate s train  optimization tasks , the  
identi f ication of  Metabol ic Engineering targets, using Evolutionary  
Algorithms/Simulated Anneal ing metaheur is tics or the previousl y 








3. METHODS AND DEVELOPMENT 
 
 
In this chapter,  merl in wi l l  be used to reconstruct the metabol ic network  of  
Lactobaci l lus rhamnosus ,  as mentioned before.  Overal l ,  through an i terative  
process ,  with  val idation from data  obtained through wet -lab  experiments,  the  
metabol ic  model  is  increasingly improved unti l  the results  approximate  with  the  
simulations per formed with  the model  (Fig ure 2).  In the  present  work , the  main 
tasks of metabol ic  annotation have been performed.  
 
 




3.1. Reconstruction of the draft network 
The  f i rst  s tep was  to  create  a  new project i n Merl in regarding  the  organism L.  
rhamnosus  GG (tax.  ID 568703).  To carry out  this s tep,  we fol lowed the instruct ions  
present  in the merl in page  (Merl in Homepag e n.d.) .   
3.1.1. Finding organisms for comparison 
The  method used to  f ind  the  organism for  comparison during  BLAST  and HMMER 
annotations  consisted  in searching in the genus  of the species gathered during  
BLAST, for  species  with  a  high  percentage  of  curated data.  Each species  of  the  genus  
Baci l lus  was assessed in  UniProt  to  f ind  the  better  organism for  this  purpose.  The 
organism with  the  most  curated genes  was  selected  (Baci l lus subti l is ) . 
3.1.2. Automatic annotation using merlin 
After the project has been created, an  automatic annotation through Merl in's  
tools  was  per formed for  the  enzymes  present  in  the  genome. This  annota tion was  
performed through a BLAST of the target genome against the Uni -ProtKB/TrEMBL 
database.  Af ter a  prel iminary  analysis of the results obtained, i t  was concluded that  
the data  obtained did not have  the best  qual i ty .  In order to  try  to  obtain  better  
results i t was  decided to  change  the  pipel ine and perform the  automatic  annotation 
in two stages.  Firstly,  a  BLAST was  performed of  the  target genome against the  
UniProt database UniProtKB/Swiss -Prot  and then a second BLAST was performed 
against the  UniProtKB/TrEMBL database ,  usi ng only the  genes  that  did  not  obtain 
results on the  BLAST against the Swiss -Prot.  
 
3.1.3. Manual curation 
Since  the  results  obtained by  the  aut omatic  annotation performed by  merl in did  
not  contain  a high rate of  genes wi th curated annotations  i .  e. , functions  obtained 
by comparing against Swiss -Prot data) , i t  was decided to carry out  a  manual  curation 
of al l  annotations  with  EC  number .  






Fig u re 3 -P ip el in e used fo r  ma nu al  cu ra t io n fo r  th e g eno me f un ction a l a nn ota tion  o f  th e 
microo rga nism La cto ba c il lus  rha mno su s  us ing  mer l in .  Ye l low star  -  rev iewed  reco rd  on  Un iP ro tKB; 
grey  star  -  un rev iewed reco rd  o n Un iP ro tKB ; Bac i l lus  sub. -  ta xon o mical l y c lo se st o rgan ism, th e 
mo d el o rga n ism;  First  Organism  -  o rga n ism o f f i rs t  h i t  in  th e l i s t  o f  ho molog ou s g en es ; 
Lactobac i l lus  rham nosus -  Organ ism fo r  wh ich  th e seq u en ce is  b ein g an no ta ted ;  CL- A/ B/ C/ D/E  -  
An no ta t io n  Con f id ence Level s.  A ,  B  an d  C  s ta nd s  f or  V ery  H ig h ,  High  an d Med iu m Co nf id en ces , 
wh i le  D an d  E  s tand s  f o r  Lo w an d V ery  Lo w Con fid en ces ,  resp ect ive ly .  
Phylogenetical ly  close  organisms are  more prone to  have  simi lar protein  
functions  than distant  ones.  From this  premise, an  annotation  workflow based on 
the  phylogeny  of  some organisms relatively close  to  L.  Rhamnosus ,  was  developed.  
The  phylogeneti c  distance  between L.  Rhamnosus  and other  organisms wi l l  influence  
the curation confidence  level .  Likewise, the  curation status  of the  homolo gous gene  
was also taken into account  for the confidence level .  In summary, manual ly curated 
homologous genes  from organisms  phylogenetical ly  close to L.  Rhamnosus  or the  
ones that  have an annotation against Swiss-Prot have a greater confidence level , as  
opposed to  homologous genes  from organisms  phylogenetical ly  distant  or  that  have  
an annotation against  TrEMBL.  
 
The f i rs t step of  this  workflow is  the  identi f ication of the type  of  B LAST made to  
the  gene that  orig inated the  col lected results :  i f  i t  was  a  BLAST against  the  database  
TrEMBL or  the database Swiss -Prot.  I f  the annotation of the gene was done through 
a comparison with Swiss-Prot , a confidence l evel  of A or  B was given,  depending  or  
on i f  the annotation already existed (and coi ncided) for  L.  rhamnosus  in Swiss-Prot.  
I f  no curated annotation existed for  L.  rha mnosus  for the gene  in question ,  the  
results  obtained by  comparing  with  the  model  organism (Baci l lus subti l is  strain 168)  
were analyzed.  I f  a  gene exists in  Swiss -Prot  for  the model  organism  simi lar to  the  
target  gene,  the  confidence  level  B was also  given.  I f  no simi larity exis ted with  the 




cured for  this  gene  regardless  of  the  organism and the  f i rs t annotation is  accepted 
with a  confidence  level  C.  
I f  the annotations of the gene  in question were obtained through a  BLAST against  
TrEMBL, the f i rs t s tep is  to  check  i f  there is  any uncurated classi f ication of the  
target  gene,  and,  i f  so,  the annotation wi l l  be accepted wi th a level  of  confidence  
D.  I f  this is  not veri f ied ,  uncurated annotations of simi lar genes for other  organism 
wi l l  be sought  and accepted with  a confidence level  E.  
3.1.4. Integration with the metabolic data 
The next  step was  to integrate  the annotat ion in the  model  database.  merl in  
retrieved al l  metabol ic information f rom KEGG  (enzymes, pathways,  metabol ites  
and reactions).  Then, merl in uses the data  col lected, together with the annotation,  
to assemble the  draf t network.  This  way,  i t  was possi ble to use KEGG pathways as a  
template to  ease this  reconstruction and the  curation of  network.  
3.1.5. Correct the reversibility of reactions 
The reversibi l i ty of  the reactions  in the network was  automati cal ly  corrected 
using merl in.  However,  during  the process of  curation some reactions needed to be  
manual ly confirmed by comparing with  the  information in  KEGG pathways  or  using  
other tools l ike metaCyc or eQui l ibrator for more confirmation (Flamholz et al .  
2011).  
 
3.2. Curation of the genomic-scale metabolic model 
The model  curation is  an i terative process,  that constantly updates the GSM  
model .  Each i teration comprises several  steps that improve the  model  qual i tatively 
and quanti tatively.  Some of the s teps  performed in this phase were the  addition  
and removal  of some of  the  reactions,  compl ementing metabol ic  pathways ,  among 
other  things  (Dias  et  al .  2015;  Merl in Homepage n.d.) .  
3.2.1. Reactions balance 
merl in has a tool  that  al lows  to detect  unbalanced reactions in  the model .  KEGG 
was used to assess the reason for  the unbalancing of  the reactions and to  f ix  these  
issues.  Often,  the  problem was  as sociated with generi c  compounds  that  have  a  
repetitive monomer.  In these  cases , the  problem was  solved by  adjusting the  
stoichiometry of  such monomers  in the  reactants  or  in  the  products  of  the  reaction .  
3.2.2. Verify biomass precursors 
An equation for  biomass  fo rmation was  developed to  account  for  the  drain  of  
precursors and bui lding blocks  into biomass.  Biomass synthesis was  set as  a l inear 




cofactor, polysaccharides –  which were considered to account for  the cel l  overal l  
biomass composition  (Ol iveira, Nielsen, and Förster  2005) .  
Another important component  incorporated i n the biomass is  ATP , though in this  
case i t  represents  the  amount of energy required to biosynthesize  one  gram of  
biomass.  
 
When compil ing the  biomass  composi tion,  data  was  retrieved from l i terature  
(Ol iveira, Nielsen, and Förster  2005) .  As  there is  insufficient information for  L.  
rhamnosus  i t  was decided that Lactococcus lactis  would be used to complete the  
information.  
3.2.3. Culture medium for validation. 
The culture medium chosen to  test the metabol ic model  is  described in  table 4.  
This culture medium was used to  perform the growth of Lactobaci l lus rhamnosus 
strain  C83 that wi l l  serve as a  comparison term for our organism (Gamar,  Blondeau,  






T ab le  4  –  Co mpo si t io n of  g ro wth  med ia ( Gamar,  B londeau,  and Simonet  1997) .  
Macroelement Concentration (mg.L-1) Bases  Concentration (mg.L-1) 
MgSO4.7H2O 2 Adenine 2,5 
MnSO4.7H2O 0,2 Uracil 2,5 
FeSO4.7H2O 0,08 Xanthine 10 
L-amino acids Concentration (g.L-1) Vitamins Concentration (mg.L-1) 
Alanine 0,1 D-Biotin 0,01 
Aspatic acid 0,1 Thiamine 0,2 
Glutamine  0,1 Oligoelements Concentration (µg.L-1) 
Glycine 0,1 CoCl2.6H2O 95 
Histidine 0,2 ZnCl2 35 
Isoleucine 0,05 H3BO3 3 
Methionine 0,05 NiCl2 12 
Phenylalanine 0,2 CuSO4.5H2O 1 
Proline 0,1   
Threonine 0,05   
Tryptophan 0,05   








4. Results and discussion 
 
In this section,  al l  the  results  regarding  the reconstruction of  the metabol ic  
network  are presented.  
 
4.1.1. Genome annotation 
4.1.1.1. Analysis of annotations with a EC number after manual curation (genes gone 
be considered in the constructions of the first draft). 
After curation the automatic annotation made by merl in,  table  5 was  
constructed.  For  better  understand of  the  distribution of  the annotations  by  the 
respective confidence levels an analysis of the table 8 was  performed.  After the  
analysis was  possible to  conclude that  we have 2  annotations  with confidence  level  
of CL-A (0 ,36% of total  annotatio ns) , 241 annotations with  confidence level  of CL -B  
(43,03% of total  annotations), 118 annotations with confidence level  of CL -C  
(21,07% of total  annotations)  and 199 annotations  with  confidence level  of CL -C  
(35,54% of  total  annotations).  In  the  total  was per formed the  curation of  1237 genes  
from the L.  Rhamnosus  from the  total  only 560 annotations  were  used to  performing 
the f i rs t draf t.  
 
T ab le  5-  Di s t r ibu t io n of  g en es  an no ta t io n s b y th e resp ect ive con fid en ce level s .  
Distribution of  genes by confidence levels  
confi.  Level  CL-
A 
CL-B CL-C CL-D Total  genes  
 Nº of 
annotat ions 
2 241 118 199 560 






In the  table 6 we have  the  distribution of annotations by the  categories reviewed 
and data base.  Initia ting with the data base swissprot i t was obtained a total  of 308 
annotations  reviewed representing  85% of  the total  of al l  reviewed annotations.  In  
the uniport  data base  have a total  of 53 annotations  reviewed r epresenting the 
remaining 15%.  
 
T ab le  6-  Di s t r ibu t io n of  th e g en es an no ta t io ns  b y  th e ca tego r ies  reviewed  a nd  d ata ba se.  
Table 6-  Distr ibution of  annotations by  the 
categories reviewed an d data base  
 total  % 
reviewed/swissprot  308 85% 
reviewed/uniprotkb 53 15% 
4.1.2. Correction of the reversibility of reactions and of EC numbers in the model. 
The  reversibi l i ty,  along  with  the  direction correction of  reactions  ( in  i rreversible  
cases)  was done to  solve various problems within model .   
4.1.3. Biomass precursors. 
All  the macromolecules are  represented in  the fol lowing equation ,  and these are  
resultant of the biomass composi tion, in the metabol ic  model .  This quantitative  
study  was done through mul tiple sources (Ol iveira, Nielsen, and Förster 2005) .  
 
1-  Biomass equation.  
0.136 e-RNA + 0.01  e-Cofactor + 0.027 e -DNA + 0.032 e-Lipid  + 0.0 64 e-
Carbohydrate + 0.533 e -Protein + 18.15 ATP => 1.0 e -Biomass + 18.15 ADP + 18.15 
Phosphate  
 
2-  Carbohydrate equation.  
5.5 UDP-glucose +  UDP-galactose + 5. 6 dTDP -rhamnose ->  1.0 e -Carbohydrate  +  
6.5 UDP +  5.6  dTDP  
 
3-  Cofactor equation.  
1.0E-6 Glutathione  + 1.0E-6  NAD +  1.0E-6  SAM + 1.0E -6  heme +  1. 0E-6 NADP +  
1.0E-6  CoA +  1.0E-6  FMN  +  1. 0E-6  FAD +  1. 0E-6 THF +  1.0E-6 Riboflavin  + 1.0E-6  





4-  DNA equation.  
0.5465765898588533 dTTP  +  0.4895380 3330216883 dGTP  + 0.5479844722298137 




5-  Lipid equetion.  
18.9 phosphatidylglycerol  +  42.5 cardiol ipin +  4.3 lysophosphatidylglycerol  +  30.3  
diglucosyl  diacylglycerol  +  4  monoglucosyl  di acylglycerol  -> 100 e-Lipid  
 
6-   Protein equation.  
0.26459651144173313 L-Tyrosyl -tRNA(Tyr)  +  0.4485609840261761 L -Lysyl -tRNA  
+ 0.7104669599600648 L-Alanyl -tRNA  + 0.34091712381854355 L -Phenylalanyl -
tRNA(Phe) +  0.37275236971985237 L -Glutamyl -tRNA(Glu) + 0.18742615748547115 
L-Histidyl -tRNA(His)  + 0.09137271436906821 L -Tryptophanyl -tRNA(Trp) +  
0.7989056405722051 L -Leucyl -tRNA +  0.5013311526624874 L -Isoleucyl -tRNA(I le)  +  
0.4137330978892393 L -Seryl -tRNA(Ser)  +  0.029736295377768333 L -Cysteinyl -
tRNA(Cys) + 0.46891093440574605 Glycyl -tRNA(Gly) + 0.49823706278775465 L -
Threonyl - tRNA(Thr)  + 0.5440372065049127 L -Valyl -tRNA(Val)  +  
0.21058572743394274 L-Methionyl -tRNA + 0.44936642455446013 L -Aspartyl -
tRNA(Asp) +  0.31418295799560686 L -Asparaginyl -tRNA(Asn)  +  
0.3642249057830923 L-Arginyl -tRNA(Arg) +  0.3151588206145171 L -Prolyl -
tRNA(Pro) + 0.3824400149402909 Glutaminyl -tRNA => 0.21058572743394274 
tRNA(Met) +  0.09137271436906821 tRNA(Trp) + 0. 49823706278775465 tRNA(Thr)  +  
0.18742615748547115 tRNA(His)  + 0 .7104669599 600648 tRNA(ala) + 
0.7989056405722051 tRNA(Leu)  +  0 .5013311526624874 tRNA(I le)  +  
0.3151588206145171 tRNA(Pro) + 0. 31418295799560686 tRNA(Asn) +  
0.3824400149402909 tRNA(Gln)  + 0 .3642249057830923 tRNA(Arg) +  
0.34091712381854355 tRNA(Phe)  +  0. 0297362953777683 33 tRNA(Cys) +  
0.46891093440574605 tRNA(Gly) + 0. 44936642455446013 tRNA(Asp) + 
0.4485609840261761 tRNA(Lys) +  0. 37275236971985237 tRNA(Glu) +  
0.4137330978892393 tRNA(Ser) + 9.04310433512522 H2O + 0. 5440372065049127 
tRNA(Val)  + 0.26459651144173313 tRNA(Tyr)  + 9. 04310433512522 e-Protein  
 
7-  RNA equation.  
0.6124617338259931 GTP +  0.4362891303847912 UTP +  0.5041748840447573 
ATP + 0.4401031379389717 CTP => 3.091632944116432 e -RNA +  





4.1.4. Draft model  
A draf t  model  was  created to  evaluate  the  integrity of  the  different  pathways  in  
order  to  carry  out  a  manual  curation in  order to  be  present  the  growth of  the  
biomass.  This f i rs t draf t was  constituted by 837 reactions  from cured genome 
annotations.  
These reactions  are  part of the  main metabol ic pathway,  such as  Biosynthesis of  
unsaturated fatty  acids , Fatty acid biosynthesis  and degradation,  Carbohydrate  







5. Conclusions and Future work 
 
In this  chapter,  a  summary  of  the  work done  in  the  GSM model  is  presented,  in  
the context  of  this work , as wel l  as  future  work to continue  to improve  this  model .  
5.1.1. Conclusions. 
A robust  genome-wide annotation was  performed in  this  work ,  which  al lowed 
providing a rel iable  representation of the  metabol ism of  this organism for  the 
construction of  model .  
During this  work  i t  was  also  possible to  identi fy the  main constituents  of  the  
biomass so that a biomass reaction could be created as close to real i ty as possibl e.  
 
5.1.2. Future work 
In spi te of  the  work  done,  there  is  s ti l l  a  long  way  to  go unti l  the  construction of  
a functional  model .  
The  main  steps  s ti l l  to  be  taken are  the  Transport  prediction,  removal  of  the dead 
ends,  compartmental ization and the assembly of model .  
One of them is the compartmental ization of the mo del , by adding new 
compartments  in whi ch reactions  can take pl ace .  
Another  improvement  for  this work  would  be the val idation of  the  model  whit  
real  data  for  L.  rhamnosus  GG,  instead of  the  data  from the  Lactobaci l lus rhamnosus 
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The table 7 shows al l  the genes used in the construction of  the f i rs t draf t .  In the  
f i rst column is the identi f ication of the  gene,  in the  second column the  gene product  
is  identi f ied, in  the third column is the  e -value of the gene  product,  th e fourth 
column represents the  EC  number,  then the  e-value in  relation t o the  EC number  
and f inal ly the annotation attributed.  
T ab le  7-  al l  th e  g en e u sed  in  th e con st ru ction  o f  th e d ra ft .  
Genes Product score 
EC 
number score notes 
CAR 85 8 97 .
1  B et a s l id i ng  c l amp  0. 7 9  2. 7. 7. 7  0. 2 1  CL- B  
CAR 85 9 00 .
1  DNA g yr as e su b un i t  B  0. 6 7  5. 9 9. 1. 3  0. 7 9  CL- B  
CAR 85 9 01 .
1  DNA g yr as e su b un i t  A  0. 6 7  5. 9 9. 1. 3  0. 7 9  CL- B  
CAR 85 9 10 .
1  Pu t at i ve c ys t e i n e pr ot e as e Yr aA  0. 1 7  3. 2. - . -  0 . 2 3  CL- B  
CAR 85 9 11 .
1  C yt oc hr ome b d  u b iq u in o l  ox i d as e s u bu n i t  1  0 . 2 6  1. 1 0. 3. -  0 . 3 3  CL- B  
CAR 85 9 12 .
1  C yt oc hr ome b d  u b iq u in o l  ox i d as e s u bu n i t  2  0 . 2 7  1. 1 0. 3. -  0 . 2 7  CL- B  
CAR 85 9 25 .
1  
B ae yer -V i l l ig er  f l av i n -c ont a i n i ng  
mon o o xyg en as e  0. 6 5  1. 1 4. 13 . -  0 . 6 5  CL-C  
CAR 85 9 28 .
1  
Unch ar ac t er i zed  AB C t r ans p or t er  AT P - bi n d i n g 
pr ot e i n  Ykn Y  0. 1 5  3. 6. 3. -  0 . 6 3  CL- B  
CAR 85 9 34 .
1  Pr ob ab l e mal t os e O - ac et y l t r ans f er as e  0. 1 8  2. 3. 1. 7 9  0. 1 7  CL- B  
CAR 85 9 36 .
1  Pr ob ab l e d i p ep t id as e A  0. 4 7  3. 4. - . -  0 . 8 8  CL-C  
CAR 85 9 45 .
1  B et a- g luc ur on i d as e  0. 4 3  3. 2. 1. 3 1  0. 4 3  CL-C  
CAR 85 9 47 .
1  KHG/ KDPG  al d o l as e  0. 4  
4. 1. 3. 1 6,  
4 . 1. 2. 1 4  0. 4  CL- B  
CAR 85 9 48 .
1  2- d eh yd r o- 3- d eo xyg l uc on ok i n as e  0. 6 2  2. 7. 1. 4 5  0. 6 2  CL- B  
CAR 85 9 49 .
1  Ur on at e is omer as e  0. 8 3  5. 3. 1. 1 2  0. 8 3  CL- B  
CAR 85 9 50 .




CAR 85 9 51 .
1  Man n on at e d eh yd r at as e  0. 8 1  4. 2. 1. 8  0. 8 3  CL- B  
CAR 85 9 66 .
1  
5- met h yl th i oad en os i n e/ S -
ad en os yl h om oc ys t e i n e d e am i n as e  0. 5 9  
3. 5. 4. 3 1,  
3 . 5. 4. 2 8  0. 6 1  CL-C  
CAR 85 9 77 .
1  Z i nc - t r ans p or t i n g AT P as e  0. 1 3  3. 6. 3. -  0 . 3 5  CL- B  
CAR 85 9 85 .
1  
PT S s ys t em f ruc t os e -sp ec i f ic  E I IA BC 
c omp on en t  0 . 2 6  2. 7. 1. 1 91  0. 2  CL- B  
CAR 85 9 88 .
1  Man n os yl g l yc er at e h yd r o l as e  0. 3  3. 2. 1. 1 70  0. 6 2  CL-C  
CAR 85 9 90 .
1  6- ph os ph o- b et a- g l uc os i d as e G muD  0. 1 5  3. 2. 1. 8 6  0. 1 8  CL- B  
CAR 85 9 93 .
1  T r yp t op h an  s ynt h as e a l p h a ch ai n  0. 8 6  4. 2. 1. 2 0  0. 8 6  CL-C  
CAR 85 9 94 .
1  T r yp t op h an  s ynt h as e b et a ch ai n  0. 9  4. 2. 1. 2 0  0. 9 3  CL- B  
CAR 85 9 95 .
1  N- (5 ' - p h os p h or i b os yl ) an t hr an i l a t e  is omer as e  0. 9 3  5. 3. 1. 2 4  0. 9 3  CL-C  
CAR 85 9 96 .
1  In d ol e- 3- g l yc er o l  p h osp h at e s yn t h as e  0. 9 2  4. 1. 1. 4 8  0. 9 3  CL-C  
CAR 85 9 97 .
1  An thr an i l a t e  p h os p h or i b os yl t r an s f er as e  0. 9 3  2. 4. 2. 1 8  0. 9 3  CL-C  
CAR 86 0 03 .
1  4- h ydr o xy- t e t r ah yd r od i p ic o l i n at e r ed uc t as e  0. 9 3  1. 1 7. 1. 8  0. 9 3  CL- B  
CAR 86 0 04 .
1  4- h ydr o xy- t e t r ah yd r od i p ic o l i n at e s yn th as e  0. 9 2  4. 3. 3. 7  0. 9 3  CL- B  
CAR 86 0 05 .
1  N- ac et y l d i am i n op i mel at e d eac et y l as e  0. 8  3. 5. 1. 4 7  0. 8  CL- B  
CAR 86 0 06 .
1  
2, 3, 4, 5- t e t r ah yd r op yr i d in e - 2, 6- d ic arb o xyl at e 
N- ac et y l t r ans f er as e  0. 9 3  2. 3. 1. 8 9  0. 9 3  CL- B  
CAR 86 0 07 .
1  D i am i n op i mel at e d ec ar b o xyl as e  0. 6 7  4. 1. 1. 2 0  0. 7  CL- B  
CAR 86 0 08 .
1  Asp ar t ok i n as e 3  0. 2  2. 7. 2. 4  0. 3 2  CL- B  
CAR 86 0 09 .
1  D i am i n op i mel at e ep i mer as e  0. 8 8  5. 1. 1. 7  0. 8 8  CL-C  
CAR 86 0 10 .
1  Asp ar t at e -s em i a l d eh yd e d eh yd r og en as e  0. 6 2  1. 2. 1. 1 1  0. 6 4  CL- B  
CAR 86 0 16 .




CAR 86 0 18 .
1  R epl ic at i ve D NA  h el ic as e  0. 5 2  3. 6. 4. 1 2  0. 5 6  CL- B  
CAR 86 0 20 .
1  Pu t at i ve PT S s ys t em E I I BC c omp on en t  Yb bF  0. 1 6  2. 7. 1. -  0 . 5 8  CL- B  
CAR 86 0 21 .
1  N- ac et y l mur am ic  ac i d  6 - p h os ph at e et h er as e  0. 8 4  4. 2. 1. 1 26  0. 9 3  CL- B  
CAR 86 0 25 .
1  
Unch ar ac t er i zed  AB C t r ans p or t er  AT P - bi n d i n g 
pr ot e i n  MT 10 1 4  0. 0 5  3. 6. 3. -  0 . 5 8  CL- B  
CAR 86 0 27 .
1  D ec arb o xyl as e yan B  0. 5  4. 1. 1. -  0 . 5  CL-C  
CAR 86 0 28 .
1  Ad en yl os ucc i n at e s yn t h et as e  0. 9 3  6. 3. 4. 4  0. 9 3  CL- B  
CAR 86 0 30 .
1  Z i nc - t r ans p or t i n g AT P as e  0. 1 3  3. 6. 3. -  0 . 3 4  CL- B  
CAR 86 0 33 .
1  
An a er ob ic  r i b on uc l eos i d e - t r ip h osp h at e 
r educ t as e  0. 5 7  1. 1. 9 8. 6  0. 5 7  CL-C  
CAR 86 0 43 .
1  D- a l an in e- -D- a l an i n e l i g as e  0. 8 9  6. 3. 2. 4  0. 9 3  CL-C  
CAR 86 0 50 .
1  H eme s ens or  pr ot e i n  HssS  0. 6 5  2. 7. 1 3. 3  0. 6 5  CL-C  
CAR 86 0 52 .
1  
Met h yl at ed -DN A-- pr ot e i n -c ys t e i n e 
met h yl t r ans f er as e,  i n duc ib l e  0. 6 5  2. 1. 1. 6 3  0. 6 5  CL- B  
CAR 86 0 53 .
1  D-2- h yd r oxyi s oc ap r oat e d eh yd r og en as e  0. 3 1  1. 1. 1. -  0 . 4 2  CL-C  
CAR 86 0 54 .
1  PT S s ys t em c el l ob i os e -sp ec i f ic  I IB  c omp on en t  0 . 5 3  2. 7. 1. 6 9  0. 5 5  CL-D  
CAR 86 0 58 .
1  Ar y l - p h os p h o-b et a- D- g l uc os i d as e Bg lA  0. 1 5  3. 2. 1. 8 6  0. 2 6  CL- B  
CAR 86 0 67 .
1  T aur in e i mp or t  AT P - bi n d i n g pr ot e i n  T auB  0. 5 4  3. 6. 3. 3 6  0. 4 5  CL-C  
CAR 86 0 70 .
1  C oen zym e A  d is u l f i d e r ed uc t as e  0. 5 9  1. 8. 1. 1 4  0. 5 9  CL-C  
CAR 86 0 73 .
1  Pu t at i ve r i ng -c l ea vi n g  d i o xyg en as e Mhq E  0. 3 2  1. 1 3. 11 . -  0 . 7 1  CL- B  
CAR 86 0 85 .
1  Ac et at e k i n as e  0. 8 7  2. 7. 2. 1  0. 9  CL- B  
CAR 86 0 87 .
1  Xyl u l os e k i n as e  0. 4 1  2. 7. 1. 1 7  0. 4 1  CL- B  
CAR 86 0 88 .




CAR 86 0 95 .
1  Pr ob ab l e p h os p h oket o l as e  0. 7 6  4. 1. 2. -  0 . 9  CL-C  
CAR 86 1 04 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 3 8  3. 6. 3. -  0 . 6 3  CL- B  
CAR 86 1 07 .
1  NADH  oxi d as e  0. 2 8  1. 6. 9 9. 3  0. 4  CL-C  
CAR 86 1 20 .
1  Pr ob ab l e 2 - ket og l uc on at e r ed uc t as e  0. 1 5  1. 1. 1. 2 15  0. 1 5  CL- B  
CAR 86 1 33 .
1  P yr r o l id on e-c ar b o xyl at e p ep t i d as e  0. 9  3. 4. 1 9. 3  0. 9 3  CL-C  
CAR 86 1 37 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e G  0. 9 3  2. 1. 1. -  0 . 9 3  CL-C  
CAR 86 1 39 .
1  Sp or u l at i on  i n i t i a t i on  in h ib i t or  pr ot e i n  S oj  0 . 2 5  3. 6. - . -  0 . 3  CL- B  
CAR 86 1 44 .
1  In os i n e- 5 ' - mon op h os p h at e d eh yd r og en as e  0. 6 2  1. 1. 1. 2 05  0. 7 2  CL- B  
CAR 86 1 48 .
1  S ens or  pr ot e i n  k i n as e W al K  0. 6 7  2. 7. 1 3. 3  0. 7 4  CL-C  
CAR 86 1 49 .
1  D- a l an yl -D- a l an i n e c ar b oxyp ep t i d as e D ac A  0. 4 3  3. 4. 1 6. 4  0. 7 1  CL- B  
CAR 86 1 52 .
1  
UDP-N - ac et y l mu r amo yl -L - a l an yl -D- g lu t amat e- -
2, 6- d i am i n op i mel at e l i g as e  0. 5 7  6. 3. 2. 1 3  0. 5 8  CL- B  
CAR 86 1 53 .
1  Asp ar t at e r ac em as e  0. 7 4  5. 1. 1. 1 3  0. 7 4  CL-C  
CAR 86 1 54 .
1  G l yo xal  r ed uc t as e  0. 1 5  
1. 1. 1. 2 83
,  1 . 1. 1. -  0 . 1 5  CL- B  
CAR 86 1 57 .
1  Mal on at e- s em i a l d eh yd e d eh yd r og en as e  0. 3 8  
1. 2. 1. - ,  
1 . 2 . 1. 2 7  0. 4 9  CL- B  
CAR 86 1 58 .
1  5- d eo xy- g l uc ur on at e is omer as e  0. 7 9  5. 3. 1. 3 0  0. 7 9  CL- B  
CAR 86 1 59 .
1  5- d eh yd r o- 2- d eo xyg l uc on ok i n as e  0. 6 5  2. 7. 1. 9 2  0. 6 7  CL- B  
CAR 86 1 60 .
1  
3D- ( 3 ,5 /4 ) - t r i h yd r oxyc yc l oh e xan e - 1 ,2 -d i on e 
h ydr o l as e  0. 5 3  3. 7. 1. 2 2  0. 5 5  CL- B  
CAR 86 1 61 .
1  In os i t o l  2 - d eh yd r og en as e  0. 4 5  
1. 1. 1. 3 69
,  1 . 1. 1. 1 8  0. 4 1  CL- B  
CAR 86 1 62 .
1  
In os i t o l  2 - d eh yd r og en as e/D -c hi r o- i n os i t o l  3 -
d eh yd r og en as e  0. 3 3  1. - . - . -  0 . 1 8  CL- B  
CAR 86 1 63 .




CAR 86 1 64 .
1  
6- ph os ph o- 5- d eh yd r o- 2- d eo xy-D -g l uc on at e 
a l d o l as e 0. 2 4  4. 1. 2. 2 9  0. 2 4  CL- B  
CAR 86 1 65 .
1  Pr ob ab l e t aut om er as e Yol I  0 . 4  5. 3. 2. -  0 . 6 8  CL- B  
CAR 86 1 69 .
1  
6- ph os ph og l uc on at e d eh yd r og en as e,  
d ec ar b oxyl at in g  0. 6 5  1. 1. 1. -  0 . 1 6  CL- B  
CAR 86 1 70 .
1  G luc on ok i n as e  0. 1 9  2. 7. 1. 1 2  0. 1 9  CL- B  
CAR 86 1 76 .
1  G l yc os yl t r ans f er as e,  g r ou p 2 f am i l y  p r ot e i n  0. 4 8  2. 4. - . -  0 . 3 7  CL-D  
CAR 86 1 80 .
1  Z i nc  i mp or t  AT P -b i nd i ng  p r ot e i n  Zn uC  0. 5 3  3. 6. 3. -  0 . 5 4  CL-C  
CAR 86 1 82 .
1  Met a l l op h osp h oes t er as e  0. 5 3  3. - . - . -  0 . 4 6  CL-D  
CAR 86 1 83 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e YkwC  0. 1 6  1. 1. - . -  0 . 2 3  CL- B  
CAR 86 1 85 .
1  
P ol y is op r en yl - t e ic h oic  ac i d - -p ep t i d ogl yc an  
t e ich oic  ac i d  t r ans f er as e T agU  0. 5  2. 7. 8. -  0 . 5 4  CL- B  
CAR 86 1 90 .
1  Pu t at i ve g l yc os yl t r ans f er as e E psH  0. 6 5  2. 4. - . -  0 . 6 5  CL- B  
CAR 86 1 93 .
1  S i gn al  p ep t i d as e I  0 . 9 2  3. 4. 2 1. 89  0. 9 2  CL-D  
CAR 86 1 95 .
1  
Unch ar ac t er i zed  AB C t r ans p or t er  AT P - bi n d i n g 
pr ot e i n  Yf mM  0. 1 6  3. 6. 3. -  0 . 2  CL- B  
CAR 86 2 16 .
1  D eoxyr i b os e- p h os p h at e a l d o l as e  0. 7 5  4. 1. 2. 4  0. 8 3  CL- B  
CAR 86 2 17 .
1  Ph osp h op en t omu t as e  0. 9 2  5. 4. 2. 7  0. 9 3  CL- B  
CAR 86 2 18 .
1  Pur i n e n uc l eos i d e p h os p h or y l as e D eoD - t yp e  0. 9  2. 4. 2. 1  0. 9 3  CL- B  
CAR 86 2 23 .
1  AT P-d ep en d en t  h e l ic as e  0. 6 1  3. 6. 4. 1 2  0. 3  CL-D  
CAR 86 2 26 .
1  Man n os e-6- p h os p h at e is omer as e  0. 3 2  5. 3. 1. 8  0. 7 4  CL- B  
CAR 86 2 28 .
1  
D-g al ac t os am i n e- 6-p h osp h at e d eam i n as e 
Ag aS  0. 3 7  3. 5. 9 9. -  0 . 4 7  CL-C  
CAR 86 2 29 .
1  N- ac et y l g l uc os am i n e-6 -p h osp h at e d eac et y l as e  0. 6  3. 5. 1. 2 5  0. 6  CL- B  
CAR 86 2 31 .




CAR 86 2 32 .
1  PT S man n os e t r ans p or t er  su b un i t  I IA B  0. 5 3  2. 7. 1. 6 9  0. 4 8  CL-D  
CAR 86 2 36 .
1  T ag at os e-6 -p h os p h at e k in as e  0. 7  2. 7. 1. 1 44  0. 7 2  CL-C  
CAR 86 2 37 .
1  S or b i t o l -6 -p h os p h at e 2 - d eh yd r og en as e  0. 0 9  1. 1. 1. 1 40  0. 0 9  CL-C  
CAR 86 2 40 .
1  PT S g al ac t i t o l  t r ans p or t er  su b un i t  I IA  0. 6  2. 7. 1. 6 9  0. 4 6  CL-D  
CAR 86 2 44 .
1  G l yc os yl t r ans f er as e G t f 1  0. 7 9  2. 4. 1. -  0 . 7 9  CL-C  
CAR 86 2 46 .
1  C ys t at h i on in e b et a - l yas e P atB  0. 4  4. 4. 1. 8  0. 6 2  CL- B  
CAR 86 2 47 .
1  Unch ar ac t er i zed  p ep t id as e Yq hT  0. 1 7  3. 4. - . -  0 . 4 7  CL- B  
CAR 86 2 51 .
1  G lu t amyl  am i n op ep t i d as e  0. 2 6  3. 4. 1 1. -  0 . 5 8  CL- B  
CAR 86 2 53 .
1  P ept id as e T  0. 9 3  3. 4. 1 1. 4  0. 9 3  CL- B  
CAR 86 2 59 .
1  
En er g y-c ou pl i ng  f ac t or  t r ans p or t er  AT P -
bi n d i n g pr ot e i n  Ec f A1  0. 6  3. 6. 3. -  0 . 8 8  CL- B  
CAR 86 2 61 .
1  Am i n op yr i mi d i n e am i n oh yd r o l as e  0. 6 5  3. 5. 9 9. 2  0. 6 5  CL- B  
CAR 86 2 63 .
1  H ydr o xyet h yl t h i az ol e k in as e 2  0. 6  2. 7. 1. 5 0  0. 8 8  CL-C  
CAR 86 2 64 .
1  T hi am i n e-p h osp h at e s yn t h as e  0. 8 5  2. 5. 1. 3  0. 8 6  CL-C  
CAR 86 2 65 .
1  
H ydr o xym et h yl p yr i mi d in e/ p h os p h omet h yl p yr i m i
d i n e k in as e  0. 4 9  
2. 7. 1. 4 9,  
2 . 7. 4. 7  0. 5 5  CL- B  
CAR 86 2 68 .
1  
B i f u nc t i on al  r ib ok i n as e/ r ib os e -5 -p h osp h at e 
is omer as e A  0. 3 4  
2. 7. 1. 1 5,  
5 . 3. 1. 6  0. 3 4  CL-C  
CAR 86 2 70 .
1  P ept id as e,  S 54  f ami l y  0 . 4 2  3. 4. 2 1. -  0 . 4 2  CL-D  
CAR 86 2 88 .
1  Pr ob ab l e l ic ABCH  op er on  r eg u l at or  0 . 6 5  2. 7. 1. -  0 . 6 5  CL- B  
CAR 86 2 92 .
1  
PT S s ys t em f ruc t os e -sp ec i f ic  E I IB 'B C 
c omp on en t  0 . 2 7  2. 7. 1. 2 02  0. 3 7  CL- B  
CAR 86 2 93 .
1  T rans al d ol as e  0. 1 5  2. 2. 1. 2  0. 8 3  CL- B  
CAR 86 2 94 .




CAR 86 3 00 .
1  T rans ket o l as e  0. 5 4  2. 2. 1. 1  0. 7 2  CL- B  
CAR 86 3 01 .
1  Pu t at i ve t r ans ket o l as e C - t er mi n al  s ec t i on  0. 0 1  2. 2. 1. 1  0. 0 4  CL-C  
CAR 86 3 02 .
1  Fruc t ok i n as e  0. 7 1  2. 7. 1. 4  0. 8 1  CL- B  
CAR 86 3 05 .
1  PT S f ruc t os e t r ans p or t er  s u bu n i t  I I B  0. 4 8  2. 7. 1. 6 9  0. 4 8  CL-D  
CAR 86 3 06 .
1  
PT S s ys t em f ruc t os e -sp ec i f ic  E I IA BC 
c omp on en t  0 . 2 3  2. 7. 1. 2 02  0. 4 3  CL- B  
CAR 86 3 08 .
1  Fruc t os e- b isp h os p h at e a l d o l as e  0. 4 1  4. 1. 2. 1 3  0. 4 1  CL- B  
CAR 86 3 09 .
1  Fruc t os e- b isp h os p h at e a l d o l as e  0. 4 1  4. 1. 2. 1 3  0. 4 3  CL- B  
CAR 86 3 10 .
1  PT S s ys t em,  man n os e -sp ec i f ic  I I B  c omp on en t  0 . 4 8  2. 7. 1. 6 9  0. 4 9  CL-D  
CAR 86 3 13 .
1  T rans al d ol as e  0. 9 3  2. 2. 1. 2  0. 9 2  CL-D  
CAR 86 3 25 .
1  
En er g y-c ou pl i ng  f ac t or  t r ans p or t er  AT P -
bi n d i n g pr ot e i n  Ec f A1  0. 5 9  3. 6. 3. -  0 . 9 3  CL- B  
CAR 86 3 28 .
1  o-succ in yl b en zo at e s yn th as e  0. 4  4. 2. 1. 1 13  0. 4  CL- B  
CAR 86 3 29 .
1  B et a- h e xos am i n id as e  0. 3 2  3. 2. 1. 5 2  0. 4 5  CL- B  
CAR 86 3 44 .
1  DNA h el ic as e  0. 9 1  3. 6. 4. 1 2  0. 9 1  CL-D  
CAR 86 3 51 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 2  3. 6. 3. 8  0. 5 1  CL- B  
CAR 86 3 62 .
1  B et a- A l a- H is  d ip ep t i d as e  0. 5  3. 4. 1 3. 20  0. 5  CL-C  
CAR 86 3 65 .
1  B et a- g al ac t os id as e  0. 8 2  3. 2. 1. 2 3  0. 9 3  CL-C  
CAR 86 3 73 .
1  Met h i on i n e i mp or t  AT P -b i nd i ng  pr ot e i n  Met N  0. 6 3  3. 6. 3. -  0 . 8 2  CL- B  
CAR 86 3 81 .
1  L ys oz yme  0. 7 2  3. 2. 1. 1 7  0. 7 3  CL-D  
CAR 86 3 85 .
1  
L i p op r ot e i n - r e l e as i n g s ys t em AT P -b i nd i ng  
pr ot e i n  L o l D  0. 3 9  3. 6. 3. -  0 . 6 6  CL- B  
CAR 86 3 86 .




CAR 86 3 87 .
1  Pu t at i ve p h os p h at as e Y xeH  0. 2 5  3. 1. 3. -  0 . 4 1  CL- B  
CAR 86 3 89 .
1  St r ep t omyc in  3 ' ' - ad en yl y l t r ans f er as e  0. 6 4  2. 7. 7. 4 7  0. 6 3  CL-D  
CAR 86 3 96 .
1  P enic i l l i n  ac yl as e  0. 6 5  3. 5. 1. 1 1  0. 6 5  CL-C  
CAR 86 3 98 .
1  O l eat e h yd r at as e  0. 6 9  4. 2. 1. 5 3  0. 6 9  CL-C  
CAR 86 4 01 .
1  
PT S-d ep en d en t  d i h yd r oxyac et on e k in as e,  
ph os ph ot r ans f er as e s ub u ni t  D h aM  0. 4 5  2. 7. 1. 1 21  0. 7 1  CL-C  
CAR 86 4 03 .
1  
PT S-d ep en d en t  d i h yd r oxyac et on e k in as e,  
ADP- b in d in g s u bu n i t  Dh aL  0. 3 2  2. 7. 1. 1 21  0. 5 7  CL-C  
CAR 86 4 04 .
1  
PT S-d ep en d en t  d i h yd r oxyac et on e k in as e,  
d i h yd r oxyac et on e- b i n d i n g s ub u ni t  Dh aK  0. 2 2  2. 7. 1. 1 21  0. 3 3  CL-C  
CAR 86 4 17 .
1  
Pr ob ab l e G MP s yn th as e [g l u t am i n e -
h ydr o l yz i ng ]  0 . 2 2  6. 3. 5. 2  0. 2 2  CL-C  
CAR 86 4 19 .
1  Fruc t os e- b isp h os p h at e a l d o l as e  0. 4 1  4. 1. 2. 1 3  0. 4 3  CL- B  
CAR 86 4 25 .
1  L-A l a-D /L -G l u ep i mer as e  0. 2 5  5. 1. 1. 2 0  0. 2 5  CL- B  
CAR 86 4 31 .
1  G lu t am i n e s yn th et as e  0. 7 5  6. 3. 1. 2  0. 7 6  CL- B  
CAR 86 4 36 .
1  G l yo xal  r ed uc t as e  0. 1 5  
1. 1. 1. 2 83
,  1 . 1. 1. -  0 . 1 5  CL- B  
CAR 86 4 44 .
1  H is t id i n e  k i n as e  0. 8 8  2. 7. 1 3. 3  0. 8 7  CL-D  
CAR 86 4 45 .
1  
Unch ar ac t er i zed  AB C t r ans p or t er  AT P - bi n d i n g 
pr ot e i n  Y xl F  0. 1 5  3. 6. 3. -  0 . 8 7  CL- B  
CAR 86 4 49 .
1  Am i n op ep t i d as e N  0. 5 2  3. 4. 1 1. 2  0. 5 6  CL-C  
CAR 86 4 57 .
1  D i h ydr o an t ic aps i n 7 - d eh yd r og en as e  0. 2 6  1. 1. 1. 3 85  0. 2 6  CL- B  
CAR 86 4 59 .
1  Sh ik i mat e d eh yd r og en as e (N ADP( +) )  0 . 6  1. 1. 1. 2 5  0. 6  CL-C  
CAR 86 4 61 .
1  Sh ik i mat e d eh yd r og en as e (N ADP( +) )  0 . 6 5  1. 1. 1. 2 5  0. 6 5  CL-C  
CAR 86 4 62 .
1  H omos er i n e O - ac et y l t r ans f er as e  0. 6 3  2. 3. 1. 3 1  0. 6 3  CL- B  
CAR 86 4 63 .




CAR 86 4 66 .
1  C ys t at h i on in e b et a - l yas e  0. 3 7  
4. 4. 1. 2 ,  
4 . 4. 1. 1  0. 1 6  CL- B  
CAR 86 4 91 .
1  5, 1 0- met h yl en et et r ah yd r of o l a t e r ed uc t as e  0. 3 3  1. 5. 1. 2 0  0. 5 7  CL-C  
CAR 86 4 92 .
1  
5- met h yl t e t r ah yd r op t er oyl t r i g lu t amat e - -
h omoc ys t e i n e met h yl t r ans f er as e  0. 8  2. 1. 1. 1 4  0. 8 3  CL-C  
CAR 86 4 97 .
1  T reh al os e- 6- ph os ph at e h yd r o l as e  0. 1 4  3. 2. 1. 9 3  0. 1 4  CL- B  
CAR 86 4 98 .
1  PT S s ys t em g l uc os e -s p ec i f ic  E I I A  c omp on en t  0 . 3  2. 7. 1. -  0 . 5 1  CL- B  
CAR 86 5 01 .
1  L- l ac t at e d eh yd r og en as e  0. 7 2  1. 1. 1. 2 7  0. 9 3  CL-C  
CAR 86 5 02 .
1  NAD-s p ec i f ic  g l u t am at e d eh yd r og en as e  0. 2 8  1. 4. 1. 2  0. 3  CL- B  
CAR 86 5 09 .
1  Unch ar ac t er i zed  su g ar  ep i mer as e Yhf K  0. 6 5  4. - . - . -  0 . 6 5  CL- B  
CAR 86 5 24 .
1  S ens or  h is t i d i n e k in as e Yc b M  0. 6 5  2. 7. 1 3. 3  0. 6 5  CL- B  
CAR 86 5 38 .
1  A er ob ic  g l yc er o l - 3- ph os ph at e d eh ydr og en as e  0. 3 8  1. 1. 5. 3  0. 6 3  CL- B  
CAR 86 5 39 .
1  G l yc er o l  k i n as e  0. 9 2  2. 7. 1. 3 0  0. 9 3  CL- B  
CAR 86 5 45 .
1  6- ph os ph o- b et a- g al ac t os i d as e  0. 6 5  3. 2. 1. 8 5  0. 6 7  CL-C  
CAR 86 5 46 .
1  6- ph os ph o- b et a- g al ac t os i d as e  0. 8 7  3. 2. 1. 8 5  0. 9 1  CL- A  
CAR 86 5 48 .
1  G al ac t ok i n as e  0. 9 3  2. 7. 1. 6  0. 9 3  CL- B  
CAR 86 5 49 .
1  UDP- gl uc os e 4 - ep imer as e  0. 6 9  5. 1. 3. 2  0. 7 1  CL- B  
CAR 86 5 50 .
1  G al ac t os e- 1-p h osp h at e ur i d y l y l t r ans f er as e  0. 8 7  2. 7. 7. 1 2  0. 9 3  CL- B  
CAR 86 5 52 .
1  A l d os e 1- ep i mer as e 0. 6 3  5. 1. 3. 3  0. 6 3  CL-C  
CAR 86 5 59 .
1  1- ph os ph of ruc t ok in as e  0. 1 9  2. 7. 1. 5 6  0. 1 9  CL- B  
CAR 86 5 60 .
1  T ag at os e 1 , 6 - d i ph os ph at e a l d o l as e  0. 6  4. 1. 2. 4 0  0. 7 9  CL-C  
CAR 86 5 61 .
1  
G al ac t os e- 6-p h osp h at e is omer as e s ub u ni t  




CAR 86 5 62 .
1  
G al ac t os e- 6-p h osp h at e is omer as e s ub u ni t  
L ac A  0. 6 5  5. 3. 1. 2 6  0. 7 9  CL-C  
CAR 86 5 71 .
1  Ad en i n e DN A g l yc os yl as e  0. 6 7  3. 2. 2. 3 1  0. 6 7  CL- B  
CAR 86 5 76 .
1  
H ydr o xym et h yl p yr i mi d in e/ p h os p h omet h yl p yr i m i
d i n e k in as e  0. 5 8  
2. 7. 1. 4 9,  
2 . 7. 4. 7  0. 6  CL- B  
CAR 86 5 80 .
1  T h er mos t ab l e b et a - g l uc os i d as e B  0. 1  3. 2. 1. 2 1  0. 5 8  CL-C  
CAR 86 5 87 .
1  Pu t at i ve q ui n on e o xi d or ed uc t as e Yhf P  0. 2 7  1. 6. 5. -  0 . 2 7  CL- B  
CAR 86 5 88 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 2  3. 6. 3. 8  0. 5 4  CL- B  
CAR 86 5 90 .
1  
Un d ec ap r en yl - ph os ph at e 4- d e oxy- 4-
f or mami d o- L- ar ab i n os e t r ans f er as e  0. 5  2. 4. - . -  0 . 2 5  CL- B  
CAR 86 5 91 .
1  Pu t at i ve man n os yl t r ans f er as e Ykc B  0. 4  2. 4. 1. -  0 . 6 8  CL- B  
CAR 86 5 96 .
1  S ens or  pr ot e i n  C i aH  0. 7 4  2. 7. 1 3. 3  0. 7 4  CL-C  
CAR 86 6 01 .
1  Pu t at i ve N AD( P)H  n i t r or ed uc t as e Yd g I  0 . 6 5  1. - . - . -  0 . 6 5  CL- B  
CAR 86 6 02 .
1  L- l ac t at e d eh yd r og en as e  0. 4 1  1. 1 3. 12 .4  0. 1 6  CL-C  
CAR 86 6 12 .
1  L exA  r ep r ess or  0 . 9 3  3. 4. 2 1. 88  0. 9 3  CL- B  
CAR 86 6 17 .
1  5- f or myl t e t r ah yd r of o l a t e c yc l o- l ig as e 0. 9 3  6. 3. 3. 2  0. 9  CL-D  
CAR 86 6 21 .
1  NAD- d ep en d en t  mal ic  en zyme  0. 5 1  1. 1. 1. 3 8  0. 6 5  CL- B  
CAR 86 6 23 .
1  T hi o l  p er o xi d as e  0. 9 2  1. 1 1. 1. 15  0. 9 1  CL-D  
CAR 86 6 26 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 5 5  3. 6. 3. -  0 . 5 5  CL-C  
CAR 86 6 27 .
1  O l i g oen d op ep t id as e F  h omol og  0. 4 4  3. 4. 2 4. -  0 . 7 9  CL- B  
CAR 86 6 28 .
1  Nuc l e os i d e d i p h os p h at e k i n as e  0. 7 6  2. 7. 4. 6  0. 6 7  CL-D  
CAR 86 6 30 .
1  C opp er - exp or t in g  P - t yp e AT P as e  0. 2 9  3. 6. 3. 5 4  0. 3 1  CL- B  
CAR 86 6 31 .




CAR 86 6 35 .
1  5 ' - n uc l e ot id as e  0. 5 5  3. 1. 3. 5  0. 5 5  CL-C  
CAR 86 6 39 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e Yt bE  0. 1 5  1. - . - . -  0 . 2 5  CL- B  
CAR 86 6 45 .
1  S- r i b os yl h omoc ys t e i n e l yas e  0. 9 2  4. 4. 1. 2 1  0. 9 3  CL-C  
CAR 86 6 47 .
1  
H ol l id a y j unc t i on  AT P -d ep en d en t  DN A h el ic as e 
Ru vA  0. 9 3  3. 6. 4. 1 2  0. 9 3  CL- B  
CAR 86 6 48 .
1  
H ol l id a y j unc t i on  AT P -d ep en d en t  DN A h el ic as e 
Ru vB  0. 9 2  3. 6. 4. 1 2  0. 9 3  CL-C  
CAR 86 6 49 .
1  
S- ad en os yl met h i on in e: tRN A 
r i b os yl t r ans f er as e - is omer as e  0. 9 3  2. 4. 9 9. 17  0. 9 3  CL-C  
CAR 86 6 50 .
1  Qu eu in e tRN A- r i b os yl t r an s f er as e  0. 9  2. 4. 2. 2 9  0. 9  CL- B  
CAR 86 6 52 .
1  A lc oh ol  d eh yd r og en as e  0. 1 7  1. 1. 1. 1  0. 2 6  CL- B  
CAR 86 6 55 .
1  G luc os e-6 -p h osp h at e 1 - d eh yd r og en as e  0. 5 9  1. 1. 1. 4 9  0. 6 5  CL- B  
CAR 86 6 56 .
1  DNA p ol ym er as e IV  0. 8 2  2. 7. 7. 7  0. 8 3  CL-C  
CAR 86 6 58 .
1  
B i f u nc t i on al  o l ig or i b on uc l eas e an d  P AP  
ph os ph at as e N rn A  0. 4 2  
3. 1. - . - ,  
3 . 1 . 3. 7  0. 5 9  CL- B  
CAR 86 6 59 .
1  DEAD -b o x AT P-d ep en d en t  R NA  h el ic as e Csh A  0. 3 8  3. 6. 4. 1 3  0. 8 1  CL- B  
CAR 86 6 61 .
1  Unch ar ac t er i zed  p r ot e i n  0. 6 4  
2. 1. 2. 3 ,  
3 . 5. 4. 1 0  0. 4 4  CL-D  
CAR 86 6 62 .
1  A l an i n e- - t RNA  l ig as e  0. 9 2  6. 1. 1. 7  0. 9 3  CL- B  
CAR 86 6 65 .
1  Pu t at i ve pr e- 1 6S rRNA  nuc l eas e  0. 9 3  3. 1. - . -  0 . 9 3  CL- B  
CAR 86 6 69 .
1  En d on uc l e as e Mu tS 2  0. 9 3  3. 1. - . -  0 . 9 3  CL- B  
CAR 86 6 72 .
1  D- a l an in e- -D- a l an yl  c ar r i er  p r ot e i n  l i g as e  0. 7 9  6. 2. 1. -  0 . 7 9  CL- B  
CAR 86 6 77 .
1  G lu t amat e r ac em as e  0. 9 1  5. 1. 1. 3  0. 9 2  CL- B  
CAR 86 6 78 .
1  Ph osp h oes t er as e  0. 9 2  3. 1. 4. -  0 . 9 1  CL-D  
CAR 86 6 87 .




CAR 86 6 89 .
1  P enic i l l i n - b in d in g  pr ot e i n  1A  0. 6 6  
3. 4. 1 6. 4,  
2 . 4. 1. 1 29  0. 7 9  CL- B  
CAR 86 6 91 .
1  Pu t at i ve H AD- h yd r o l as e Yf n B  0. 3 2  3. - . - . -  0 . 3 2  CL- B  
CAR 86 6 93 .
1  B et a- A l a- X aa d i p ept i d as e  0. 3 3  3. 4. 1 3. -  0 . 7 9  CL- B  
CAR 86 7 01 .
1  Ac id  su g ar  p h os p h at as e  0. 6  3. 1. 3. -  0 . 6 3  CL- B  
CAR 86 7 05 .
1  F er r ed o xi n - - NAD P r ed uc t as e  0. 7 9  1. 1 8. 1. 2  0. 9 3  CL- B  
CAR 86 7 06 .
1  Pu t at i ve p ep t i d y l -p r o l y l  c is - t r ans  is omer as e  0. 2 9  
5. 2. 1. 8 ,  
3 . 1. 3. -  0 . 2 1  CL-C  
CAR 86 7 20 .
1  A l ph a- mon og l uc os yl d i ac yl g l yc er o l  s yn th as e  0. 6 5  2. 4. 1. 3 37  0. 6 5  CL-C  
CAR 86 7 21 .
1  
A l ph a- g al ac t os yl g l uc os yl d i ac yl g l yc er o l  
s yn th as e  0. 7  2. 4. 1. -  0 . 7  CL-C  
CAR 86 7 22 .
1  Ph osp h at id y l g l yc er o l  l ys y l t r ans f er as e  0. 9 1  2. 3. 2. 3  0. 9 1  CL-D  
CAR 86 7 23 .
1  
Pu t at i ve N - ac et y l - LL -d i am i n op i mel at e 
am i n ot r an s f er as e  0. 1 6  2. 6. 1. -  0 . 2 6  CL- B  
CAR 86 7 25 .
1  L i p ot e ic h oic  ac id  s ynt h as e  0. 6  2. 7. 8. -  0 . 6 6  CL- B  
CAR 86 7 37 .
1  S- ad en os yl met h i on in e s yn t h as e  0. 9 3  2. 5. 1. 6  0. 9 3  CL-C  
CAR 86 7 43 .
1  L euc in e- - tRN A l i g as e  0. 9 3  6. 1. 1. 4  0. 9 3  CL- B  
CAR 86 7 47 .
1  
R i b os omal  s mal l  s u bu n i t  ps eu d ou r i d in e 
s yn th as e A  0. 4 5  5. 4. 9 9. -  0 . 2 1  CL- B  
CAR 86 7 49 .
1  
ADP- d ep en d en t  (S ) -N AD(P )H- h yd r at e 
d eh yd r at as e  0. 7 2  4. 2. 1. 1 36  0. 7 2  CL-C  
CAR 86 7 51 .
1  G lu t at h i on e p er o xi d as e h omol og  Bs aA  0. 3 3  1. - . - . -  0 . 2 6  CL- B  
CAR 86 7 52 .
1  C ys t at h i on in e b et a - l yas e P atB  0. 2 1  4. 4. 1. 8  0. 6 2  CL- B  
CAR 86 7 60 .
1  GT P p yr op h os ph ok i n as e Y jb M  0. 4  2. 7. 6. 5  0. 6 8  CL- B  
CAR 86 7 61 .
1  NAD k in as e 1  0. 2 8  2. 7. 1. 2 3  0. 9 3  CL- B  
CAR 86 7 62 .
1  
Unch ar ac t er i zed  RNA  ps eu d our id i n e s yn th as e 




CAR 86 7 63 .
1  FAD :p r ot e i n  F MN t r ans f er as e  0. 5 7  2. 7. 1. 1 80  0. 5 7  CL-C  
CAR 86 7 65 .
1  Un d ec ap r en yl - d i p h os p h at as e  0. 9 1  3. 6. 1. 2 7  0. 9 3  CL-C  
CAR 86 7 66 .
1  6- ph os ph og l uc on ol ac t on as e  0. 4 9  3. 1. 1. 3 1  0. 4 9  CL- B  
CAR 86 7 69 .
1  GMP  r ed uc t as e  0. 9 3  1. 7. 1. 7  0. 9 3  CL- B  
CAR 86 7 71 .
1  
Pu t at i ve 2 3S rRN A ( g u an in e - N(1 ) - ) -
met h yl t r ans f er as e Yxj B  0. 6 5  2. 1. 1. -  0 . 6 5  CL- B  
CAR 86 7 73 .
1  
Pu t at i ve tRNA  (c yt i d i n e(3 4) -2 ' -O ) -
met h yl t r ans f er as e  0. 4 9  2. 1. 1. 2 07  0. 8 3  CL- B  
CAR 86 7 79 .
1  Unch ar ac t er i zed  z i nc  pr ot eas e Ymf H  0. 6 5  3. 4. 2 4. -  0 . 6 5  CL- B  
CAR 86 7 80 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e Ymf I  0 . 3 2  1. - . - . -  0 . 3 2  CL- B  
CAR 86 7 82 .
1  
CDP- di ac yl g l yc er o l - - g l yc er o l - 3- p h os p h at e 3 -
ph os ph at i d y l t r ans f er as e  0. 7 1  2. 7. 8. 5  0. 7 1  CL- B  
CAR 86 7 87 .
1  R i b on uc l eas e Y  0. 9 2  3. 1. - . -  0 . 9 3  CL- B  
CAR 86 7 89 .
1  C omF  op er on  pr ot e i n  1  0. 6 5  3. 6. 4. 1 2  0. 6 5  CL- B  
CAR 86 8 00 .
1  S ens or  pr ot e i n  k i n as e W al K  0. 4 5  2. 7. 1 3. 3  0. 7 1  CL- B  
CAR 86 8 04 .
1  Ph osp h at e i mp or t  AT P - bi n d i n g pr ot e i n  Ps tB  2  0. 5 8  3. 6. 3. 2 7  0. 9 3  CL- B  
CAR 86 8 05 .
1  Ph osp h at e i mp or t  AT P - bi n d i n g pr ot e i n  Ps tB  0. 5 5  3. 6. 3. 2 7  0. 9 3  CL-C  
CAR 86 8 12 .
1  HPr  k in as e/ ph os ph or y l as e  0. 9 2  
2. 7. 1 1. - ,  
2 . 7 . 4. -  0 . 9 3  CL- B  
CAR 86 8 13 .
1  Pr o l ip op r ot e i n  d i ac yl g l yc er y l  t r ans f er as e  0. 9 2  2. 4. 9 9. -  0 . 9 3  CL- B  
CAR 86 8 14 .
1  
G l yc er o l - 3-p h osp h at e d eh yd r og en as e 
[NAD (P) +]  0 . 9 2  1. 1. 1. 9 4  0. 9 3  CL- B  
CAR 86 8 15 .
1  T hi or ed o xi n r ed uc t as e  0. 5 1  1. 8. 1. 9  0. 5 7  CL- B  
CAR 86 8 16 .
1  Ph osp h og l uc omut as e  0. 4 7  5. 4. 2. 2  0. 4 9  CL- B  
CAR 86 8 26 .
1  
AT P-d ep en d en t  C l p pr ot eas e pr ot e ol yt ic  




CAR 86 8 28 .
1  G l yc er a l d eh yd e- 3- p h os ph at e d eh yd r og en as e  0. 6 8  1. 2. 1. 1 2  0. 8 3  CL- B  
CAR 86 8 29 .
1  Ph osp h og l yc er at e k i n as e  0. 9 2  2. 7. 2. 3  0. 9 2  CL-C  
CAR 86 8 30 .
1  T r i os ep h osp h at e is omer as e  0. 9 1  5. 3. 1. 1  0. 9 3  CL- B  
CAR 86 8 31 .
1  En ol as e  0. 9  4. 2. 1. 1 1  0. 9 3  CL- B  
CAR 86 8 36 .
1  C ar b oxyl es t er as e  0. 6 5  3. 1. 1. 1  0. 6 5  CL-C  
CAR 86 8 37 .
1  E xor ib on uc l eas e 2  0. 3 8  3. 1. 1 3. 1  0. 6 2  CL- B  
CAR 86 8 39 .
1  In t r ac el l u l ar  mal t og en ic  am yl as e  0. 2 3  3. 2. 1. -  0 . 2 3  CL- B  
CAR 86 8 40 .
1  Mal t os e p h os p h or y l as e  0. 2 7  2. 4. 1. 8  0. 2 7  CL- B  
CAR 86 8 41 .
1  B et a- p h os p h og l uc omut as e  0. 6 9  5. 4. 2. 6  0. 6 9  CL- B  
CAR 86 8 49 .
1  F e( 3 +)  i ons  i mp or t  AT P - b in d in g pr ot e i n  F b pC  0. 1 4  3. 6. 3. 3 0  0. 1 5  CL-C  
CAR 86 8 53 .
1  Ur ac i l - DNA  g l yc os yl as e  0. 9  3. 2. 2. 2 7  0. 9 3  CL- B  
CAR 86 8 54 .
1  Ph osp h at e ac et y l t r ans f er as e  0. 6 6  2. 3. 1. 8  0. 6 6  CL- B  
CAR 86 8 59 .
1  E xod e o xyr ib on uc l eas e  0. 3 6  3. 1. 1 1. 2  0. 3 6  CL- B  
CAR 86 8 61 .
1  
UDP-N - ac et y l en ol p yr u vo yl g l uc os am i n e 
r educ t as e  0. 9  1. 3. 1. 9 8  0. 9 3  CL-C  
CAR 86 8 64 .
1  
Sp er m id i n e/p ut r esc in e i mp or t  AT P - bi n d i n g 
pr ot e i n  P otA  0. 9 3  3. 6. 3. 3 1  0. 9 3  CL-C  
CAR 86 8 71 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 1 9  3. 6. 3. 8  0. 4 7  CL- B  
CAR 86 8 75 .
1  D i ad en yl at e c yc l as e  0. 4 3  2. 7. 7. 8 5  0. 7 1  CL- B  
CAR 86 8 77 .
1  Ph osp h og l uc os am i n e mut as e  0. 9 3  5. 4. 2. 1 0  0. 9 3  CL- B  
CAR 86 8 78 .
1  
G lu t am i n e- - f ruc t os e- 6- ph os ph at e 
am i n ot r an s f er as e [ is omer iz i ng ]  0 . 8 3  2. 6. 1. 1 6  0. 8 3  CL- B  
CAR 86 8 96 .




CAR 86 8 99 .
1  S ens or  h is t i d i n e k in as e Yc lK  0. 3 2  2. 7. 1 3. 3  0. 6 7  CL- B  
CAR 86 9 10 .
1  AT P-d ep en d en t  h e l ic as e/ nuc l eas e s ub u ni t  A  0. 4 3  3. 6. 4. 1 2  0. 6 9  CL- B  
CAR 86 9 11 .
1  DNA l i g as e  0. 9 3  6. 5. 1. 2  0. 9 3  CL- B  
CAR 86 9 13 .
1  
Asp ar t y l / g l u t amyl - tR NA( Asn /G l n)  
am i d ot r an s f er as e s u b un i t  C  0. 9 3  6. 3. 5. -  0 . 9 3  CL-D  
CAR 86 9 14 .
1  
G lu t amyl - tRNA (G l n)  am i d ot r ans f er as e s ub u ni t  
A  0. 9 1  6. 3. 5. 7  0. 9 2  CL-C  
CAR 86 9 15 .
1  
Asp ar t y l / g l u t amyl - tR NA( Asn /G l n)  
am i d ot r an s f er as e s u b un i t  B  0. 9 3  6. 3. 5. -  0 . 9 3  CL- B  
CAR 86 9 16 .
1  D i ac yl g l yc er o l  k in as e  0. 7 1  2. 7. 1. 1 07  0. 7 1  CL- B  
CAR 86 9 17 .
1  
23 S r RNA  ( ur ac i l ( 19 3 9) - C(5 ) ) -
met h yl t r ans f er as e R l mD  0. 1 7  
2. 1. 1. 1 89
,  
2 . 1. 1. 1 90  0. 1 5  CL- B  
CAR 86 9 18 .
1  
T yp e I I I  r es t r ic t i on - mod i f ic at i on  s ys t em 
Ec oP 1 5I  en zyme mod  0. 2 2  2. 1. 1. 7 2  0. 5 5  CL-C  
CAR 86 9 21 .
1  
T yp e I I I  r es t r ic t i on - mod i f ic at i on  s ys t em St yL T I  
en zym e mod  0. 5 5  2. 1. 1. 7 2  0. 5 5  CL-C  
CAR 86 9 22 .
1  
T yp e I I I  r es t r ic t i on - mod i f ic at i on  s ys t em 
Bc e10 9 87 IP  en zyme r es  0. 3 2  3. 1. 2 1. 5  0. 6  CL-C  
CAR 86 9 27 .
1  P ol yp h os p h at e:A DP  p h os p h ot r an s f er as e  0. 2  2. 7. 4. 1  0. 2 9  CL-C  
CAR 86 9 28 .
1  N eut r a l  en d op ep t i d as e  0. 3 8  3. 4. 2 4. -  0 . 5 4  CL-C  
CAR 86 9 38 .
1  
scyl l o - i n os i t o l  2 - d eh yd r og en as e (NA DP( +) )  
I o lU  0. 4  1. 1. 1. 3 71  0. 4  CL- B  
CAR 86 9 39 .
1  DEAD -b o x AT P-d ep en d en t  R NA  h el ic as e Csh A  0. 3 8  3. 6. 4. 1 3  0. 8 3  CL- B  
CAR 86 9 44 .
1  Pr ob ab l e AT P-d ep en d en t  D NA h el ic as e R ecQ  0. 1 6  3. 6. 4. 1 2  0. 6 1  CL- B  
CAR 86 9 49 .
1  R i b on uc l eas e BN  0. 6 9  3. 1. - . -  0 . 4 7  CL-D  
CAR 86 9 51 .
1  Met h i on i n e am i n op ep t i d as e  0. 4 9  3. 4. 1 1. 18  0. 7 1  CL- B  
CAR 86 9 56 .
1  Ph osp h ome val on at e k in as e  0. 5 5  2. 7. 4. 2  0. 5 5  CL-C  
CAR 86 9 57 .




CAR 86 9 59 .
1  Ar y l - p h os p h o-b et a- D- g l uc os i d as e Bg lH  0. 1 5  3. 2. 1. 8 6  0. 2 6  CL- B  
CAR 86 9 60 .
1  
PT S s ys t em suc r os e -sp ec i f ic  E I IB CA 
c omp on en t  0 . 3  2. 7. 1. -  0 . 6 9  CL- B  
CAR 86 9 64 .
1  Pu t at i ve g l yc os yl t r ans f er as e Cs bB  0. 1 6  2. 4. - . -  0 . 2 6  CL- B  
CAR 86 9 70 .
1  E xo- g l uc os am in i d as e L ytG  0. 6 5  3. 2. 1. -  0 . 6 5  CL- B  
CAR 86 9 71 .
1  Xan t h i n e p h os p h or i b os yl t r ans f er as e  0. 9 3  2. 4. 2. 2 2  0. 9 3  CL- B  
CAR 86 9 73 .
1  
N5-c ar b oxyam i n oi m id az ol e r i b on uc l e ot i d e 
s yn th as e  0. 7 1  6. 3. 4. 1 8  0. 7 1  CL- B  
CAR 86 9 74 .
1  Ad en yl os ucc i n at e l yas e  0. 6 6  4. 3. 2. 2  0. 6 6  CL- B  
CAR 86 9 77 .
1  L i p ot e ic h oic  ac id  s ynt h as e  0. 6  2. 7. 8. -  0 . 6 6  CL- B  
CAR 86 9 80 .
1  G luc os e-6 -p h osp h at e is omer as e  0. 9 2  5. 3. 1. 9  0. 9 3  CL- B  
CAR 87 0 43 .
1  Pu t at i ve o xi d or ed uc t as e Yc eM  0. 5 6  1. - . - . -  0 . 5 6  CL-C  
CAR 87 0 44 .
1  Gu an in e d e am i n as e  0. 4  3. 5. 4. 3  0. 4  CL- B  
CAR 87 0 53 .
1  Pr ob ab l e d i p ep t id as e A  0. 4 7  3. 4. - . -  0 . 8 8  CL-C  
CAR 87 0 64 .
1  T h ym id i n e k i n as e  0. 9 3  2. 7. 1. 2 1  0. 9 3  CL-C  
CAR 87 0 67 .
1  R el eas e f ac t or  g l u t am i n e met h yl t r ans f er as e  0. 7 6  2. 1. 1. 2 97  0. 7 6  CL- B  
CAR 87 0 68 .
1  T hr eon yl c arb am o yl - A MP  s ynt h as e  0. 5 7  2. 7. 7. 8 7  0. 5 7  CL- B  
CAR 87 0 69 .
1  S er i n e h yd r o xymet h yl t r an s f er as e  0. 9 3  2. 1. 2. 1  0. 9 3  CL- B  
CAR 87 0 70 .
1  Ur ac i l  p h osp h or i b os yl t r ans f er as e  0. 9 3  2. 4. 2. 9  0. 9 3  CL- B  
CAR 87 0 76 .
1  AT P s yn th as e su b u ni t  a l p h a  0. 9 1  3. 6. 3. 1 4  0. 9 3  CL- B  
CAR 87 0 79 .
1  AT P s yn th as e su b u ni t  b et a  0. 9 1  3. 6. 3. 1 4  0. 9 3  CL-C  
CAR 87 0 87 .
1  
Pr ob ab l e p ep t i d og l yc an g l yc os yl t r ans f er as e 




CAR 87 0 89 .
1  
Pr ob ab l e s ucc i n yl - d i am in op i mel at e 
d es ucc i n yl as e  0. 5 1  3. 5. 1. 1 8  0. 7 1  CL-C  
CAR 87 0 92 .
1  Met h i on i n e i mp or t  AT P -b i nd i ng  pr ot e i n  Met N  0. 7 4  3. 6. 3. -  0 . 9 3  CL- B  
CAR 87 0 96 .
1  Pr ob ab l e c ys t e i n e d es u l f ur as e  0. 3 9  2. 8. 1. 7  0. 4  CL- B  
CAR 87 0 97 .
1  
I r on-s u l f ur  c lus t er  ass embl y sc af f o l d  pr ot e i n  
IscU  0. 4 5  2. - . - . -  0 . 4  CL- B  
CAR 87 1 08 .
1  
G lu t at h i on e b i os ynt h es is  b i f u nc t i on al  p r ot e i n  
GshAB  0. 8 3  
6. 3. 2. 2 ,  
6 . 3. 2. 3  0. 8 3  CL-C  
CAR 87 1 11 .
1  Pr ob ab l e L -s er i n e d eh yd r at as e,  b et a c h ai n  0. 4  4. 3. 1. 1 7  0. 6 5  CL- B  
CAR 87 1 12 .
1  Pr ob ab l e L -s er i n e d eh yd r at as e,  a l p h a c h ai n  0. 3 5  4. 3. 1. 1 7  0. 7 6  CL- B  
CAR 87 1 14 .
1  P ept id e met h i on i n e su l f ox i d e r ed uc t as e Ms rA  0. 9 2  1. 8. 4. 1 1  0. 9 2  CL-D  
CAR 87 1 17 .
1  D eoxyg u an os i n e k i n as e  0. 7  2. 7. 1. 1 13  0. 7  CL-C  
CAR 87 1 33 .
1  S ens or  h is t i d i n e k in as e Yvf T  0. 4  2. 7. 1 3. 3  0. 6 8  CL- B  
CAR 87 1 35 .
1  N od f ac t or  exp or t  AT P - b in d in g  p r ot e i n  I  0 . 4 8  3. 6. 3. -  0 . 5 4  CL- B  
CAR 87 1 53 .
1  C ys t e i n e d esu l f ur as e IscS  0. 5 6  2. 8. 1. 7  0. 6 9  CL- B  
CAR 87 1 54 .
1  Pr ob ab l e tRNA  su l f ur t r ans f er as e  0. 9 3  2. 8. 1. 4  0. 9 3  CL-C  
CAR 87 1 56 .
1  V al i n e- - tRNA  l i g as e  0. 9 3  6. 1. 1. 9  0. 9 3  CL- B  
CAR 87 1 57 .
1  
D i h ydr of o l a t e s yn th as e/ f o l y l p o l yg l ut am at e 
s yn th as e  0. 2 9  
6. 3. 2. 1 7,  
6 . 3. 2. 1 2  0. 2 9  CL- B  
CAR 87 1 69 .
1  C ar d i o l i p in  s yn th as e A  0. 4 1  2. 7. 8. -  0 . 7 1  CL- B  
CAR 87 1 73 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e H  0. 9 3  2. 1. 1. 1 99  0. 9 3  CL- B  
CAR 87 1 76 .
1  
Ph osp h o-N- ac et y l mur am o yl - p en t ap ep t id e-
t r ans f er as e  0. 9 3  2. 7. 8. 1 3  0. 9 3  CL- B  
CAR 87 1 77 .
1  
UDP-N - ac et y l mu r amo yl a l an i n e - - D- g l ut am at e 
l i g as e  0. 9 3  6. 3. 2. 9  0. 9 3  CL-C  
CAR 87 1 78 .
1  
UDP-N - ac et y l g l uc os am i n e- -N - ac et y l mu r amyl -
(p en t ap ep t id e)  p yr op h os p h or y l - u nd ec apr en ol  




CAR 87 1 86 .
1  Is o l euc i n e- - tRN A l i g as e  0. 9  6. 1. 1. 5  0. 9 3  CL- B  
CAR 87 1 92 .
1  ADP- r i b os e p yr op h os ph at as e  0. 4  3. 6. 1. 1 3  0. 4  CL- B  
CAR 87 1 94 .
1  
5 ' - met h yl t h i o ad en os i n e/S -
ad en os yl h om oc ys t e i n e n uc l eos i d as e  0. 7 1  3. 2. 2. 9  0. 7 1  CL-C  
CAR 87 1 95 .
1  C ys t e i n e d esu l f ur as e IscS  0. 5 8  2. 8. 1. 7  0. 6 7  CL- B  
CAR 87 1 99 .
1  tRNA -sp ec i f ic  2 - t h i ou r i d y l as e Mn mA  0. 9 2  2. 8. 1. 1 3  0. 9 3  CL- B  
CAR 87 2 03 .
1  R ecBC D en zym e s ub u ni t  R ecD  0. 4  3. 1. 1 1. 5  0. 4  CL- B  
CAR 87 2 05 .
1  Pu t at i ve l i p id  k i n as e Yt lR  0. 6 5  2. 7. 1. -  0 . 6 5  CL- B  
CAR 87 2 06 .
1  R i b on uc l eas e J  2  0. 3 9  3. 1. - . -  0 . 7 3  CL- B  
CAR 87 2 10 .
1  P ept id e d ef or myl as e  0. 9  3. 5. 1. 8 8  0. 9 3  CL- B  
CAR 87 2 15 .
1  
P yr u vat e d eh yd r og en as e E 1 c omp on en t  
sub u ni t  a l p h a  0. 4  1. 2. 4. 1  0. 5 6  CL- B  
CAR 87 2 16 .
1  
P yr u vat e d eh yd r og en as e E 1 c omp on en t  
sub u ni t  b et a  0. 4 6  1. 2. 4. 1  0. 5 9  CL- B  
CAR 87 2 17 .
1  
D i h ydr o l i p oyl l ys in e - r es id u e ac et y l t r ans f er as e 
c omp on en t  of  p yr u vat e d eh yd r og en as e 
c omp l ex  0. 3 8  2. 3. 1. 1 2  0. 4 5  CL- B  
CAR 87 2 18 .
1  D i h ydr o l i p oyl  d eh yd r og en as e  0. 4 7  1. 8. 1. 4  0. 5 8  CL- B  
CAR 87 2 21 .
1  In os i t o l - 1- mon op h os p h at as e  0. 6 5  3. 1. 3. 2 5  0. 6 5  CL- B  
CAR 87 2 23 .
1  
Pr ob ab l e p ep t i d og l yc an g l yc os yl t r ans f er as e 
FtsW  0. 6 9  2. 4. 1. 1 29  0. 7 3  CL- B  
CAR 87 2 24 .
1  P yr u vat e c ar b oxyl as e  0. 1 2  6. 4. 1. 1  0. 1 9  CL- B  
CAR 87 2 26 .
1  Pu t at i ve r RNA  meth yl t r ans f er as e Y l bH  0. 6 5  2. 1. 1. -  0 . 6 5  CL- B  
CAR 87 2 27 .
1  Ph osp h op an t et h ei n e ad en yl y l t r an s f er as e  0. 9 3  2. 7. 7. 3  0. 9 3  CL-C  
CAR 87 2 35 .
1  R i b on uc l eas e J  2  0. 3 9  3. 1. - . -  0 . 7 3  CL- B  
CAR 87 2 43 .




CAR 87 2 46 .
1  T r ig g er  f ac t or  0 . 9 3  5. 2. 1. 8  0. 9 3  CL- B  
CAR 87 2 54 .
1  
PT S s ys t em f ruc t os e -sp ec i f ic  E I IA BC 
c omp on en t  0 . 2 1  2. 7. 1. 2 02  0. 3 5  CL- B  
CAR 87 2 55 .
1  1- ph os ph of ruc t ok in as e  0. 2  2. 7. 1. 5 6  0. 2  CL- B  
CAR 87 2 57 .
1  GT P as e Ob g  0. 9 3  3. 6. 5. -  0 . 9 3  CL- B  
CAR 87 2 58 .
1  
Pu t at i ve p ep t i d og l yc an O - ac et y l t r ans f er as e 
Yrh L  0. 1 9  2. 3. 1. -  0 . 7 1  CL- B  
CAR 87 2 59 .
1  R i b on uc l eas e Z  0. 8 8  3. 1. 2 6. 11  0. 8 8  CL- B  
CAR 87 2 60 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e Yq jQ  0. 6 5  1. - . - . -  0 . 6 5  CL- B  
CAR 87 2 65 .
1  
T r i f unc t i on al  n uc l eot i d e p h os ph o es t er as e 
pr ot e i n  Yf kN  0. 2 5  
3. 1. 3. 5 ,  
3 . 1. 3. 6 ,  
3 . 1. 4. 1 6  0. 2 5  CL- B  
CAR 87 2 68 .
1  DNA p ol ym er as e I I I  s u bu n i t  a l p h a  0. 5 9  2. 7. 7. 7  0. 7 9  CL- B  
CAR 87 2 69 .
1  AT P-d ep en d en t  6 - ph os ph of ruc t ok in as e  0. 9 3  2. 7. 1. 1 1  0. 9 3  CL- B  
CAR 87 2 70 .
1  P yr u vat e k in as e  0. 6 2  2. 7. 1. 4 0  0. 8 1  CL- B  
CAR 87 2 77 .
1  
R i b os omal  l ar g e su b un i t  ps eu d ou r id i n e 
s yn th as e B  0. 2 8  5. 4. 9 9. 22  0. 2 8  CL- B  
CAR 87 2 81 .
1  Pr ob ab l e AT P-d ep en d en t  D NA h el ic as e R ecQ  0. 1 6  3. 6. 4. 1 2  0. 6 1  CL- B  
CAR 87 2 83 .
1  C yt i d y l a t e k i n as e  0. 9 3  2. 7. 4. 2 5  0. 9 3  CL- B  
CAR 87 2 89 .
1  CCA- ad d i ng  en zyme  0. 9 2  2. 7. 7. 7 2  0. 9 2  CL- B  
CAR 87 2 91 .
1  
Unch ar ac t er i zed  AB C t r ans p or t er  AT P - bi n d i n g 
pr ot e i n  Yf mM  0. 1 6  3. 6. 3. -  0 . 2  CL- B  
CAR 87 2 92 .
1  T h ym id yl at e s yn th as e  0. 9 3  2. 1. 1. 4 5  0. 9 3  CL-C  
CAR 87 2 93 .
1  D i h ydr of o l a t e r ed uc t as e  0. 8  1. 5. 1. 3  0. 8  CL-C  
CAR 87 2 98 .
1  P ept id e met h i on i n e su l f ox i d e r ed uc t as e Ms rA  0. 8 3  1. 8. 4. 1 1  0. 9 2  CL- B  
CAR 87 3 00 .
1  C ar b oxy- t er mi n al  pr oc ess i n g pr ot e as e Ct pA  0. 1 7  
3. 4. 2 1. 10




CAR 87 3 04 .
1  R i b on uc l eas e HI I  0 . 9 2  3. 1. 2 6. 4  0. 9 3  CL- B  
CAR 87 3 06 .
1  DNA t op ois om er as e 1  0. 5 4  5. 9 9. 1. 2  0. 6 6  CL- B  
CAR 87 3 07 .
1  
Met h yl en et et r ah yd r of o l a t e - - t RNA -( ur ac i l -5 - ) -
met h yl t r ans f er as e T r mFO  0. 9 3  2. 1. 1. 7 4  0. 9 3  CL- B  
CAR 87 3 09 .
1  AT P-d ep en d en t  pr ot e as e s u bu n i t  Hs l V  0. 9 1  3. 4. 2 5. 2  0. 9 1  CL-C  
CAR 87 3 13 .
1  G l yc er o l - 3-p h osp h at e ac yl t r ans f er as e  0. 8 8  2. 3. 1. n 3  0. 9 3  CL- B  
CAR 87 3 14 .
1  DNA g yr as e su b un i t  B  0. 6 6  5. 9 9. 1. 3  0. 7 9  CL- B  
CAR 87 3 15 .
1  DNA g yr as e su b un i t  A  0. 6 6  5. 9 9. 1. 3  0. 7 9  CL- B  
CAR 87 3 16 .
1  F or mat e ac et y l t r an s f er as e  0. 6 3  2. 3. 1. 5 4  0. 6 7  CL-C  
CAR 87 3 17 .
1  P yr u vat e f or mat e - l yas e- ac t i vat in g en z yme  0. 6 2  1. 9 7. 1. 4  0. 7 4  CL-C  
CAR 87 3 19 .
1  
Pr ob ab l e man g an es e- d ep en d en t  i n or g anic  
p yr op h os p h at as e  0. 9 1  3. 6. 1. 1  0. 9 3  CL- B  
CAR 87 3 23 .
1  S ens or  pr ot e i n  Bc eS  0. 6 8  2. 7. 1 3. 3  0. 6 8  CL- B  
CAR 87 3 28 .
1  Pu t at i ve N AD( P)H  n i t r or ed uc t as e Yd g I  0 . 6 5  1. - . - . -  0 . 6 5  CL- B  
CAR 87 3 30 .
1  H is t id i n o l - p h os ph at e am i n ot r ans f er as e  0. 7 1  2. 6. 1. 9  0. 8 7  CL- B  
CAR 87 3 31 .
1  Ph osp h or ib os yl - AT P p yr op h osp h at as e  0. 9 3  3. 6. 1. 3 1  0. 9 3  CL-C  
CAR 87 3 32 .
1  
H is t id i n e b i os ynt h es is  b i f u nc t i on al  p r ot e i n  
H is IE  0. 2 9  
3. 6. 1. 3 1,  
3 . 5. 4. 1 9  0. 2 9  CL- B  
CAR 87 3 33 .
1  
Im i d azol e g l yc er o l  p h os ph at e s yn th as e  su b u ni t  
H isF  0. 9 3  4. 1. 3. -  0 . 9 3  CL- B  
CAR 87 3 34 .
1  
1- ( 5- p h os p h or i b os yl ) - 5- [ ( 5-
ph os ph or i b os yl am i n o) met h yl i d en e ami n o]  
im i d azol e - 4 -c ar b o xam i d e is omer as e  0. 9 2  5. 3. 1. 1 6  0. 9 3  CL- B  
CAR 87 3 35 .
1  
Im i d azol e g l yc er o l  p h os ph at e s yn th as e su b u ni t  
H isH  0. 8 8  2. 4. 2. -  0 . 9 2  CL- B  
CAR 87 3 36 .
1  Im i d azol eg l yc er o l -p h osp h at e d eh yd r at as e  0. 9 3  4. 2. 1. 1 9  0. 9 3  CL- B  
CAR 87 3 38 .




CAR 87 3 39 .
1  AT P p h osp h or ib os yl t r ans f er as e  0. 9 2  2. 4. 2. 1 7  0. 9 3  CL-C  
CAR 87 3 41 .
1  H is t id i n o l - p h os ph at e am i n ot r ans f er as e  0. 7 1  2. 6. 1. 9  0. 8 5  CL- B  
CAR 87 3 42 .
1  H ydr o l as e,  NUD I X f am i l y  0 . 4 5  3. 6. 1. 1 3  0. 4 9  CL-D  
CAR 87 3 48 .
1  Or ot at e p h osp h or ib os yl t r ans f er as e  0. 9 3  2. 4. 2. 1 0  0. 9 3  CL- B  
CAR 87 3 49 .
1  Or ot i d i n e 5 ' -p h osp h at e d ec ar b o xyl as e  0. 9 3  4. 1. 1. 2 3  0. 9 3  CL- B  
CAR 87 3 50 .
1  
D i h ydr o or ot at e d eh yd r og en as e B  (NA D( +) ) ,  
c at a l yt ic  s u bu n i t  0 . 7 7  1. 3. 1. 1 4  0. 7 7  CL- B  
CAR 87 3 51 .
1  C ar b amo yl - ph os ph at e s yn t h as e l ar g e c h ai n  0. 9  6. 3. 5. 5  0. 9 3  CL- B  
CAR 87 3 52 .
1  C ar b amo yl - ph os ph at e s yn t h as e smal l  ch ai n  0. 7 5  6. 3. 5. 5  0. 8 3  CL- B  
CAR 87 3 53 .
1  D i h ydr o or ot as e  0. 9 3  3. 5. 2. 3  0. 9 3  CL- B  
CAR 87 3 54 .
1  Asp ar t at e c ar b amo yl t r an s f er as e  0. 9 3  2. 1. 3. 2  0. 9 3  CL- B  
CAR 87 3 56 .
1  B i f u nc t i on al  p r ot e i n  P yrR  0. 9  2. 4. 2. 9  0. 9 2  CL- B  
CAR 87 3 58 .
1  
Unch ar ac t er i zed  RNA  ps eu d our id i n e s yn th as e 
Y l yB  0. 1 6  5. 4. 9 9. -  0 . 3 4  CL- B  
CAR 87 3 59 .
1  L i p op r ot e i n  s ig n al  p ep t id as e  0. 9 3  3. 4. 2 3. 36  0. 9 3  CL-C  
CAR 87 3 60 .
1  F or mat e- - t e t r ah yd r of o l a t e l ig as e  0. 8 6  6. 3. 4. 3  0. 9 3  CL-C  
CAR 87 3 62 .
1  R i b on uc l eas e HI  0 . 7 2  3. 1. 2 6. 4  0. 4 8  CL-D  
CAR 87 3 63 .
1  Pu t at i ve n i t r or ed uc t as e H BN 1  0. 5  1. - . - . -  0 . 5  CL-C  
CAR 87 3 64 .
1  C ar d i o l i p in  s yn th as e A  0. 4  2. 7. 8. -  0 . 7 1  CL- B  
CAR 87 3 69 .
1  
R i b on uc l eos i d e- d ip h osp h at e r ed uc t as e su b un i t  
a l p h a 0. 2 9  1. 1 7. 4. 1  0. 6 7  CL- B  
CAR 87 3 70 .
1  
R i b on uc l eos i d e- d ip h osp h at e r ed uc t as e su b un i t  
b et a  0. 3 5  1. 1 7. 4. 1  0. 6 7  CL- B  
CAR 87 3 73 .




CAR 87 3 74 .
1  L i p oat e-p r ot e i n  l i g as e A  0. 5 3  6. 3. 1. 2 0  0. 7 4  CL- B  
CAR 87 3 76 .
1  Unch ar ac t er i zed  p r ot e i n  in  mp rR 3 ' r eg i on  0. 1 7  1. - . - . -  0 . 4 5  CL-C  
CAR 87 3 77 .
1  Pu t at i ve R NA met h yl t r an s f er as e Yp sC  0. 1 5  2. 1. 1. -  0 . 1 3  CL- B  
CAR 87 3 81 .
1  H ol l id a y j unc t i on  r es ol vas e R ecU  0. 9 3  3. 1. 2 2. -  0 . 9 3  CL-C  
CAR 87 3 82 .
1  P enic i l l i n - b in d in g  pr ot e i n  1A  0. 6 7  
3. 4. 1 6. 4,  
2 . 4. 1. 1 29  0. 7 9  CL- B  
CAR 87 3 83 .
1  C omE  op er on  pr ot e i n  2  0. 6 5  3. 5. - . -  0 . 6 5  CL- B  
CAR 87 3 84 .
1  En d on uc l e as e I I I  0 . 5 9  4. 2. 9 9. 18  0. 5 9  CL- B  
CAR 87 3 86 .
1  Asp ar ag i n e- - tR NA  l ig as e  0. 9 1  6. 1. 1. 2 2  0. 9 3  CL- B  
CAR 87 3 87 .
1  Asp ar t at e am i n ot r ans f er as e  0. 3 6  2. 6. 1. 1  0. 4 1  CL- B  
CAR 87 3 90 .
1  3 ' - 5 '  e xon u c l e as e D i nG  0. 5 8  3. 1. - . -  0 . 5 8  CL- B  
CAR 87 3 91 .
1  AT P-d ep en d en t  h e l ic as e/ nuc l eas e s ub u ni t  A  0. 9 3  
3. 1. - . - ,  
3 . 6 . 4. 1 2  0. 9 3  CL- B  
CAR 87 3 92 .
1  
AT P-d ep en d en t  h e l ic as e/ d eo xyr ib on uc l eas e 
sub u ni t  B  0. 9 3  
3. 1. - . - ,  
3 . 6 . 4. 1 2  0. 9 3  CL- B  
CAR 87 3 93 .
1  Meval on at e k in as e  0. 5  2. 7. 1. 3 6  0. 5  CL-C  
CAR 87 3 94 .
1  D i ph osp h ome val on at e d ec ar b o xyl as e  0. 4 3  4. 1. 1. 3 3  0. 5  CL-C  
CAR 87 3 95 .
1  Is op ent en yl -d i ph osp h at e d el t a - is om er as e  0. 9 3  5. 3. 3. 2  0. 9 3  CL-C  
CAR 87 3 96 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e F  0. 5 6  
2. 1. 1. 1 78
,  2 . 1. 1. -  0 . 0 6  CL-C  
CAR 87 4 01 .
1  T aut om er as e  0. 8 9  5. 3. 2. -  0 . 9  CL-D  
CAR 87 4 05 .
1  tRNA  ( ad en i n e( 22 ) -N( 1) ) - met h yl t r ans f er as e  0. 6 5  2. 1. 1. 2 17  0. 6 5  CL- B  
CAR 87 4 07 .
1  DNA pr i mas e  0. 7 6  2. 7. 7. -  0 . 7 6  CL- B  
CAR 87 4 08 .




CAR 87 4 09 .
1  G l yc i n e- - tR NA  l ig as e a l p h a su b un i t  0 . 9 3  6. 1. 1. 1 4  0. 9 3  CL- B  
CAR 87 4 46 .
1  C yt i d i n e d eam i n as e  0. 7 1  3. 5. 4. 5  0. 7 1  CL- B  
CAR 87 4 47 .
1  D i ac yl g l yc er o l  k in as e  0. 7 3  2. 7. 1. 1 07  0. 5 3  CL-D  
CAR 87 4 48 .
1  En d or i b on uc l eas e Yb eY  0. 9 3  3. 1. - . -  0 . 9 3  CL- B  
CAR 87 4 52 .
1  
Pu t at i ve p yr u vat e,  p h os p h at e d i k i n as e 
r egu l at or y pr ot e i n  0. 8 3  
2. 7. 4. 2 7,  
2 . 7. 1 1. 32  0. 9 3  CL- B  
CAR 87 4 53 .
1  Pr ob ab l e en d on uc l eas e 4  0. 9  3. 1. 2 1. 2  0. 9  CL-C  
CAR 87 4 55 .
1  P ept id e met h i on i n e su l f ox i d e r ed uc t as e Ms rB  0. 7 7  1. 8. 4. 1 2  0. 7 8  CL- B  
CAR 87 4 56 .
1  Asp ar t at e - - tR NA l ig as e  0. 8 2  6. 1. 1. 1 2  0. 8 3  CL- B  
CAR 87 4 57 .
1  H is t id i n e- - tR NA  l ig as e  0. 9  6. 1. 1. 2 1  0. 9 3  CL-C  
CAR 87 4 61 .
1  
Pu t at i ve N - ac et y l mu r amo yl -L - a l an i n e am i d as e 
Yr vJ  0. 1 9  3. 5. 1. 2 8  0. 1 9  CL- B  
CAR 87 4 64 .
1  GT P p yr op h os ph ok i n as e  0. 3 9  2. 7. 6. 5  0. 5 8  CL- B  
CAR 87 4 66 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e E  0. 6 5  2. 1. 1. 1 93  0. 6 5  CL- B  
CAR 87 4 67 .
1  R i b os omal  pr ot e i n  L1 1 met h yl t r ans f er as e  0. 9 3  2. 1. 1. -  0 . 9 3  CL- B  
CAR 87 4 69 .
1  Pu t at i ve 3 - met h yl ad en i n e DNA  g l yc os yl as e  0. 9 1  3. 2. 2. -  0 . 9 1  CL- B  
CAR 87 4 81 .
1  G l yc os yl t r ans f er as e G t f 1  0. 7 9  2. 4. 1. -  0 . 7 9  CL-C  
CAR 87 4 91 .
1  
Pu t at i ve C ys - tRN A(P r o) /C ys - tRNA (C ys )  
d eac yl as e E bsC  0. 7  4. 2. - . -  0 . 7  CL-C  
CAR 87 4 92 .
1  Ad en i n e ph os ph or ib os yl t r ans f er as e  0. 9 3  2. 4. 2. 7  0. 9 3  CL- B  
CAR 87 4 93 .
1  
S i ng l e-s t r an d ed -D NA-s p ec i f ic  e xon u c l e as e 
R ecJ  0. 6 2  3. 1. - . -  0 . 6 2  CL- B  
CAR 87 4 97 .
1  E l on g at i on  f ac t or  4  0. 9 2  3. 6. 5. n 1  0. 9 3  CL-C  
CAR 87 5 02 .
1  
O xyg en - in d ep en d en t  c opr op or p h yr in og en - I I I  




CAR 87 5 03 .
1  R i b of l a v i n  b i os yn t h es is  pr ot e i n  0. 9  
2. 7. 1. 2 6,  
2 . 7. 7. 2  0. 9 1  CL-D  
CAR 87 5 04 .
1  tRNA  ps eu d ou r id i n e s ynt h as e B  0. 9 3  5. 4. 9 9. 25  0. 9 3  CL- B  
CAR 87 5 12 .
1  DNA p ol ym er as e I I I  P olC - t yp e  0. 9 1  2. 7. 7. 7  0. 9 3  CL- B  
CAR 87 5 13 .
1  Pr o l in e- - tRN A l i g as e  0. 9  6. 1. 1. 1 5  0. 9 3  CL- B  
CAR 87 5 14 .
1  Z i nc  met a l l op r ot eas e R asP  0. 2 9  3. 4. 2 4. -  0 . 7 9  CL- B  
CAR 87 5 15 .
1  Ph osp h at id at e c yt i d y l y l t r ans f er as e  0. 7 1  2. 7. 7. 4 1  0. 7 1  CL- B  
CAR 87 5 16 .
1  Is opr en yl  t r ans f er as e  0. 7 3  2. 5. 1. -  0 . 7 4  CL- B  
CAR 87 5 20 .
1  Ur i d y l a t e k i n as e  0. 9 3  2. 7. 4. 2 2  0. 9 3  CL- B  
CAR 87 5 26 .
1  
1- ac yl -s n- g l yc er o l - 3- p h os p h at e 
ac yl t r ans f er as e  0. 7 1  2. 3. 1. n 4  0. 7 1  CL- B  
CAR 87 5 29 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 4 2  3. 6. 3. -  0 . 6 3  CL- B  
CAR 87 5 30 .
1  
Pr ob ab l e mul t i dr u g r es is t anc e ABC  t r an sp or t er  
AT P-b i nd i ng /p er me as e p r ot e i n  Yh eI  0 . 1 5  3. 6. 3. -  0 . 5 8  CL- B  
CAR 87 5 35 .
1  tRNA  ( gu an i n e -N (1) - ) - met h yl t r ans f er as e  0. 9 3  2. 1. 1. 2 28  0. 9 3  CL- B  
CAR 87 5 41 .
1  Unch ar ac t er i zed  p r ot e i n  0. 6  
2. 1. 2. 3 ,  
3 . 5. 4. 1 0  0. 4 9  CL-D  
CAR 87 5 46 .
1  R i b on uc l eas e 3  0. 9 3  3. 1. 2 6. 3  0. 9 3  CL- B  
CAR 87 5 54 .
1  Ph osp h at e ac yl t r ans f er as e  0. 9 3  2. 3. 1. n 2  0. 9 3  CL- B  
CAR 87 5 55 .
1  AT P-d ep en d en t  D NA h el ic as e R ecG  0. 4 6  3. 6. 4. 1 2  0. 4 8  CL- B  
CAR 87 5 59 .
1  T hi am i n e p yr op h os p h ok in as e  0. 6 5  2. 7. 6. 2  0. 6 5  CL- B  
CAR 87 5 60 .
1  R i bu l os e- p h os p h at e 3 - ep i mer as e  0. 5 1  5. 1. 3. 1  0. 6  CL- B  
CAR 87 5 61 .
1  
Smal l  r i b os omal  s ub u ni t  b i og en es is  GT P as e 
RsgA  0. 9  3. 6. 1. -  0 . 9 3  CL- B  
CAR 87 5 62 .




CAR 87 5 63 .
1  Pr ot e i n  p h os p h at as e Pr pC  0. 2  3. 1. 3. 1 6  0. 7 9  CL- B  
CAR 87 5 64 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e B  0. 4 8  2. 1. 1. 1 76  0. 5 4  CL- B  
CAR 87 5 65 .
1  Met h i on yl - tRN A f ormyl t r ans f er as e  0. 9 3  2. 1. 2. 9  0. 9 3  CL-C  
CAR 87 5 66 .
1  Pr i mos omal  pr ot e i n  N '  0 . 6 2  3. 6. 4. -  0 . 6 2  CL- B  
CAR 87 5 67 .
1  
Pr ob ab l e c oen z yme A  b i os yn t h es is  
b i f u nc t i on al  pr ot e i n  C oaB C  0. 1 8  
6. 3. 2. 5 ,  
4 . 1. 1. 3 6  0. 5 9  CL- B  
CAR 87 5 68 .
1  DNA- di r ec t ed RNA  p ol ymer as e s ub u ni t  omeg a  0. 9 3  2. 7. 7. 6  0. 9 3  CL-C  
CAR 87 5 69 .
1  Gu an yl at e k i n as e  0. 9 3  2. 7. 4. 8  0. 9 3  CL- B  
CAR 87 5 74 .
1  Pu t at i ve r RNA  meth yl t r ans f er as e Yq xC  0. 2 7  2. 1. 1. -  0 . 2 7  CL- B  
CAR 87 5 75 .
1  F ar n es yl  d i ph osp h at e s yn t h as e  0. 2 8  2. 5. 1. 1 0  0. 3 1  CL- B  
CAR 87 5 76 .
1  E xod e o xyr ib on uc l eas e 7 s mal l  s ub u ni t  0 . 9 3  3. 1. 1 1. 6  0. 9 3  CL-D  
CAR 87 5 77 .
1  E xod e o xyr ib on uc l eas e 7 l arg e s u b un i t  0 . 9 3  3. 1. 1 1. 6  0. 9 3  CL- B  
CAR 87 5 78 .
1  B i f u nc t i on al  p r ot e i n  F olD  0. 8 9  
1. 5. 1. 5 ,  
3 . 5. 4. 9  0. 9 3  CL-C  
CAR 87 5 82 .
1  Unch ar ac t er i zed  p ep t id as e Yq hT  0. 1 7  3. 4. - . -  0 . 4 8  CL- B  
CAR 87 5 90 .
1  Xa a-P r o d i p ep t i d y l -p ep t id as e  0. 9  3. 4. 1 4. 11  0. 9 3  CL-C  
CAR 87 5 91 .
1  G lu t am i n e s yn th et as e  0. 7 2  6. 3. 1. 2  0. 7 3  CL- B  
CAR 87 5 93 .
1  In d uc i b l e  or n i t h i n e d ec ar b o xyl as e  0. 3  4. 1. 1. 1 7  0. 3 7  CL-C  
CAR 87 5 95 .
1  tRNA  d i met h yl a l l y l t r ans f er as e  0. 9 3  2. 5. 1. 7 5  0. 9 3  CL-C  
CAR 87 5 98 .
1  G luc ok i n as e  0. 4 6  2. 7. 1. 2  0. 4 6  CL- B  
CAR 87 6 00 .
1  Rh omb oi d  p r ot eas e G lu P  0. 6 5  
3. 4. 2 1. 10
5  0. 6 5  CL- B  
CAR 87 6 06 .




CAR 87 6 09 .
1  Ur i d i n e k in as e  0. 9 3  2. 7. 1. 4 8  0. 9 3  CL- B  
CAR 87 6 10 .
1  En d ol yt ic  mur e i n t r ans g l yc os yl as e  0. 7 1  4. 2. 2. -  0 . 7 1  CL- B  
CAR 87 6 12 .
1  Ph en yl a l an i n e- - tRNA  l i g as e b et a s ub u ni t  0 . 9 3  6. 1. 1. 2 0  0. 9 3  CL- B  
CAR 87 6 13 .
1  Ph en yl a l an i n e- - tRNA  l i g as e a l p h a s ub u ni t  0 . 9 3  6. 1. 1. 2 0  0. 9 3  CL- B  
CAR 87 6 16 .
1  
Unch ar ac t er i zed  tRN A/ rRNA  met h yl t r ans f er as e 
Ys gA  0. 6 5  2. 1. 1. -  0 . 6 5  CL- B  
CAR 87 6 18 .
1  Ac ylp h osp h at as e  0. 8  3. 6. 1. 7  0. 8  CL-C  
CAR 87 6 20 .
1  S ens or  pr ot e i n  k i n as e W al K  0. 4 7  2. 7. 1 3. 3  0. 7 6  CL- B  
CAR 87 6 22 .
1  
6- ph os ph og l uc on at e d eh yd r og en as e,  
d ec ar b oxyl at in g  0. 6 6  1. 1. 1. 4 4  0. 7 3  CL- B  
CAR 87 6 28 .
1  Pu t at i ve met h yl t r ans f er as e GW CH70 _2 4 53  0. 4  2. 1. 1. -  0 . 6 8  CL- B  
CAR 87 6 31 .
1  
Pr ob ab l e n ic ot i n at e -n uc l eot i d e 
ad en yl y l t r an s f er as e  0. 8 3  2. 7. 7. 1 8  0. 8 3  CL- B  
CAR 87 6 35 .
1  Pu t at i ve r i ng -c l ea vi n g  d i o xyg en as e Mhq E  0. 3 2  1. 1 3. 11 . -  0 . 7 1  CL- B  
CAR 87 6 36 .
1  Pu t at i ve r i ng -c l ea vi n g  d i o xyg en as e Mhq E  0. 3 2  1. 1 3. 11 . -  0 . 7 1  CL- B  
CAR 87 6 37 .
1  Pu t at i ve h yd r o l as e Mh qD  0. 6 5  3. 1. - . -  0 . 6 5  CL- B  
CAR 87 6 38 .
1  
Ch l or op l as t  en vel op e q u i n on e o xi d or ed uc t as e 
h omol og  0. 5  1. 3. 1. -  0 . 5  CL-C  
CAR 87 6 46 .
1  NAD- d ep en d en t  p r ot e i n  d eac et y l as e  0. 6 4  3. 5. 1. -  0 . 6 4  CL-C  
CAR 87 6 49 .
1  T hr eon i n e- - tRNA  l i g as e  0. 9 2  6. 1. 1. 3  0. 9 3  CL- B  
CAR 87 6 54 .
1  D eph os ph o-C oA  k i n as e  0. 8 9  2. 7. 1. 2 4  0. 8 9  CL- B  
CAR 87 6 55 .
1  F or mami d op yr i m i d i n e -DN A gl yc os yl as e  0. 9 3  
3. 2. 2. 2 3,  
4 . 2. 9 9. 18  0. 9 3  CL- B  
CAR 87 6 56 .
1  DNA p ol ym er as e I  0 . 5 5  2. 7. 7. 7  0. 6 8  CL- B  
CAR 87 6 63 .




CAR 87 6 69 .
1  tRNA  ( gu an i n e -N (7) - ) - met h yl t r ans f er as e  0. 9 3  2. 1. 1. 3 3  0. 9 3  CL-C  
CAR 87 6 75 .
1  F old as e pr ot e i n  Prs A  0. 7 1  5. 2. 1. 8  0. 9 3  CL- B  
CAR 87 6 76 .
1  3 ' - 5 '  e xor i b on uc l e as e Yh aM  0. 7 1  3. 1. - . -  0 . 7 1  CL- B  
CAR 87 6 78 .
1  P enic i l l i n - b in d in g  pr ot e i n  1A  0. 6 4  
3. 4. 1 6. 4,  
2 . 4. 1. 1 29  0. 7 7  CL- B  
CAR 87 6 79 .
1  
Unch ar ac t er i zed  RNA  ps eu d our id i n e s yn th as e 
YhcT  0. 1 7  5. 4. 9 9. -  0 . 3 2  CL- B  
CAR 87 6 81 .
1  Arg i n i n e- - tRNA  l i g as e  0. 8 6  6. 1. 1. 1 9  0. 9 3  CL-C  
CAR 87 6 84 .
1  D i h ydr o or ot at e d eh yd r og en as e ( Fu mar at e)  0 . 2  1. 3. 9 8. 1  0. 2 2  CL-C  
CAR 87 6 88 .
1  Pr ob ab l e met a l l o - h yd r o l as e Yhf I  0 . 6 5  3. - . - . -  0 . 6 5  CL- B  
CAR 87 6 94 .
1  S ens or  pr ot e i n  Bc eS  0. 4 3  2. 7. 1 3. 3  0. 7 1  CL- B  
CAR 87 6 95 .
1  
An a er ob ic  r i b on uc l eos i d e - t r ip h osp h at e 
r educ t as e- ac t i vat i n g pr ot e i n  0. 5 7  1. 9 7. 1. -  0 . 5 7  CL-C  
CAR 87 6 96 .
1  C opp er - exp or t in g  P - t yp e AT P as e  0. 3 6  3. 6. 3. 5 4  0. 5 3  CL- B  
CAR 87 6 98 .
1  Ph osp h or ib os yl am i n e - - g l yc i n e l i g as e  0. 7 7  6. 3. 4. 1 3  0. 7 8  CL- B  
CAR 87 7 00 .
1  B i f u nc t i on al  p ur i n e b i os yn th es is  p r ot e i n  P ur H  0. 9 3  
2. 1. 2. 3 ,  
3 . 5. 4. 1 0  0. 9 3  CL-C  
CAR 87 7 01 .
1  Ph osp h or ib os yl g l yc in am i d e f or myl t r ans f er as e  0. 6 7  2. 1. 2. 2  0. 6 7  CL- B  
CAR 87 7 02 .
1  
Ph osp h or ib os yl f or myl g l yc i n am i d in e c yc l o -
l i g as e  0. 9 2  6. 3. 3. 1  0. 9 2  CL-D  
CAR 87 7 03 .
1  Am i d op h os p h or i b os yl t r an s f er as e  0. 7 2  2. 4. 2. 1 4  0. 7 9  CL- B  
CAR 87 7 04 .
1  
Ph osp h or ib os yl f or myl g l yc i n am i d in e s yn t h as e 
sub u ni t  P ur L  0. 9 3  6. 3. 5. 3  0. 9 3  CL- B  
CAR 87 7 05 .
1  
Ph osp h or ib os yl f or myl g l yc i n am i d in e s yn t h as e 
sub u ni t  P ur Q  0. 9 3  
6. 3. 5. 3 ,  
3 . 5. 1. 2  0. 9 3  CL- B  
CAR 87 7 06 .
1  
Ph osp h or ib os yl f or myl g l yc i n am i d in e s yn t h as e 
sub u ni t  P ur S  0. 9 2  6. 3. 5. 3  0. 9 2  CL-D  
CAR 87 7 07 .
1  
Ph osp h or ib os yl am i n oi m i d azol e -




CAR 87 7 08 .
1  
N5-c ar b oxyam i n oi m id az ol e r i b on uc l e ot i d e 
s yn th as e  0. 5 4  6. 3. 4. 1 8  0. 5 4  CL- B  
CAR 87 7 09 .
1  
N5-c ar b oxyam i n oi m id az ol e r i b on uc l e ot i d e 
mut as e 0. 4 5  5. 4. 9 9. 18  0. 4 5  CL- B  
CAR 87 7 15 .
1  
Ph osp h oen ol p yr u vat e - pr ot e i n  
ph os ph ot r ans f er as e  0. 6 5  2. 7. 3. 9  0. 6 8  CL- B  
CAR 87 7 29 .
1  
Unch ar ac t er i zed  RNA  met h yl t r ans f er as e 
LJ_ 1 69 8  0. 3  2. 1. 1. -  0 . 8 1  CL- B  
CAR 87 7 32 .
1  H ydr o xym et h yl g l u t ar y l -C oA s yn t h as e  0. 2 3  2. 3. 3. -  0 . 2  CL- B  
CAR 87 7 33 .
1  
3- h ydr o xy- 3- met h yl g l u t ar y l -c oen z yme A  
r educ t as e  0. 3 6  1. 1. 1. 8 8  0. 3 9  CL-C  
CAR 87 7 34 .
1  Pr ob ab l e ac et y l - C oA ac yl t r ans f er as e  0. 2 7  2. 3. 1. 9  0. 4 8  CL- B  
CAR 87 7 41 .
1  
Pr ob ab l e s ucc i n yl - d i am in op i mel at e 
d es ucc i n yl as e  0. 7 1  3. 5. 1. 1 8  0. 7 1  CL-C  
CAR 87 7 46 .
1  
Ph osp h on at es  i mp or t  AT P - bi n d i n g pr ot e i n  
Ph nC 2  0. 3 2  3. 6. 3. 2 8  0. 5 2  CL-C  
CAR 87 7 50 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 1 9  3. 6. 3. 8  0. 5 2  CL- B  
CAR 87 7 53 .
1  NH(3 ) - d ep en d en t  NAD (+)  s yn th et as e  0. 9 3  6. 3. 1. 5  0. 9 3  CL-C  
CAR 87 7 55 .
1  N ic ot i n at e p h os p h or i b os yl t r an s f er as e  0. 3 7  6. 3. 4. 2 1  0. 6 2  CL- B  
CAR 87 7 57 .
1  N- ac et y l g l uc os am i n e-6 -p h osp h at e d eac et y l as e  0. 6  3. 5. 1. 2 5  0. 6  CL- B  
CAR 87 7 58 .
1  P yr r o l in e- 5-c ar b oxyl at e r ed uc t as e  0. 3 2  1. 5. 1. 2  0. 7 1  CL- B  
CAR 87 7 59 .
1  Unch ar ac t er i zed  p ep t id as e Yu xL  0. 4  3. 4. 2 1. -  0 . 4  CL- B  
CAR 87 7 64 .
1  
Mac r o l id e e xp or t  AT P - bi n d i n g/ p er meas e 
pr ot e i n  MacB  0. 3 9  3. 6. 3. -  0 . 6 3  CL- B  
CAR 87 7 69 .
1  A l ph a- L- f uc os i d as e  0. 2 5  3. 2. 1. 5 1  0. 5  CL-C  
CAR 87 7 88 .
1  S er i n e- - t RNA  l ig as e  0. 9 1  6. 1. 1. 1 1  0. 9 3  CL- B  
CAR 87 7 93 .
1  A l ph a- ac et o l ac t at e d ec arb o xyl as e  0. 7 9  4. 1. 1. 5  0. 7 9  CL- B  
CAR 87 7 94 .




CAR 87 8 01 .
1  
Unch ar ac t er i zed  RNA  ps eu d our id i n e s yn th as e 
Y j bO  0. 1 7  5. 4. 9 9. -  0 . 3 5  CL- B  
CAR 87 8 05 .
1  
Pr ob ab l e 2- ( 5 ' ' - t r ip h osp h or ib os yl ) -3 ' -
d ep h os p h oc o en zym e-A  s yn th as e 0. 5 9  2. 4. 2. 5 2  0. 8 2  CL-C  
CAR 87 8 07 .
1  P yr u vat e c ar b oxyl as e  0. 2 4  6. 4. 1. 1  0. 4 5  CL- B  
CAR 87 8 08 .
1  
Pr ob ab l e ap o-c i t r a t e l yas e ph os ph or i b os yl -
d ep h os p h o-C oA t r ans f er as e  0. 7 4  2. 7. 7. 6 1  0. 7 4  CL-C  
CAR 87 8 09 .
1  C i t r a t e l yas e a l ph a c h ai n  0. 6 4  
2. 8. 3. 1 0,  
4 . 1. 3. 6  0. 6 4  CL-C  
CAR 87 8 12 .
1  [C i t r a t e [p r o -3 S] - l yas e]  l i g as e  0. 6 4  6. 2. 1. 2 2  0. 6 4  CL-C  
CAR 87 8 13 .
1  O xal o ac et at e d ec ar b oxyl as e b et a c h ai n  0. 1 6  4. 1. 1. 3  0. 4 7  CL-C  
CAR 87 8 18 .
1  Pr ob ab l e R NA 2 ' - ph os ph ot r ans f er as e  0. 7 4  2. 7. 1. -  0 . 7 4  CL-C  
CAR 87 8 24 .
1  FMN r ed uc t as e (NA DPH)  0. 1 8  1. 5. 1. 3 8  0. 1 8  CL- B  
CAR 87 8 42 .
1  
L ac t oc occ i n t r ans p or t /p r oc ess i n g AT P -b i nd in g  
pr ot e i n  Lc nC- l i ke  0. 3 2  3. 6. 3. -  0 . 3 1  CL-C  
CAR 87 8 63 .
1  GMP  s yn th as e [ g lu t am i n e -h yd r o l yz i n g ]  0 . 9 2  6. 3. 5. 2  0. 9 3  CL- B  
CAR 87 8 64 .
1  P ant ot h en at e k i n as e  0. 9 3  2. 7. 1. 3 3  0. 9 3  CL-C  
CAR 87 8 67 .
1  Pr ob ab l e d i p ep t id as e A  0. 4 7  3. 4. - . -  0 . 8 8  CL-C  
CAR 87 8 70 .
1  DNA h el ic as e IV  0. 6 5  3. 6. 4. 1 2  0. 6 5  CL- B  
CAR 87 8 74 .
1  Pr o l in e i mi n op ep t i d as e  0. 5 7  3. 4. 1 1. 5  0. 5 7  CL-C  
CAR 87 8 77 .
1  F er r oc h el at as e  0. 9 3  4. 9 9. 1. 1  0. 9 3  CL-C  
CAR 87 8 79 .
1  Rh amn u l os e- 1- ph os ph at e a l d o l as e  0. 9 3  4. 1. 2. 1 9  0. 9 2  CL-D  
CAR 87 8 83 .
1  D i ac yl g l yc er o l  k in as e  0. 6 7  2. 7. 1. 1 07  0. 6 7  CL- B  
CAR 87 8 86 .
1  UDP-N - ac et y l g l uc os am i n e 2 - ep i mer as e  0. 4 5  5. 1. 3. 1 4  0. 6 4  CL- B  
CAR 87 8 87 .




CAR 87 8 91 .
1  dT DP- 4- d eh yd r or h amn os e r ed uc t as e  0. 4 6  1. 1. 1. 1 33  0. 4 9  CL- B  
CAR 87 8 92 .
1  dT DP- gl uc os e 4 ,6 -d eh yd r at as e  0. 4 6  4. 2. 1. 4 6  0. 5 8  CL- B  
CAR 87 8 93 .
1  dT DP- 4- d eh yd r or h amn os e 3 ,5 - ep i mer as e  0. 5 7  5. 1. 3. 1 3  0. 5 7  CL-C  
CAR 87 8 94 .
1  G luc os e-1 -p h osp h at e th ym i d yl y l t r ans f er as e  0. 5 6  2. 7. 7. 2 4  0. 6 7  CL- B  
CAR 87 8 99 .
1  
UDP- gl uc os e: u n d ec ap r en yl - ph os ph at e 
g l uc os e- 1- p h os p h at e t r ans f er as e  0. 2 3  2. - . - . -  0 . 2  CL- B  
CAR 87 9 00 .
1  Unch ar ac t er i zed  UDP -g l uc os e ep i mer as e YtcB  0. 2 5  4. - . - . -  0 . 2 5  CL- B  
CAR 87 9 04 .
1  Met h i on i n e i mp or t  AT P -b i nd i ng  pr ot e i n  Met N  0. 3 6  3. 6. 3. -  0 . 6 5  CL- B  
CAR 87 9 12 .
1  T yr os in e- - tR NA l ig as e  0. 8 5  6. 1. 1. 1  0. 9 3  CL- B  
CAR 87 9 16 .
1  FAD :p r ot e i n  F MN t r ans f er as e  0. 5 6  2. 7. 1. 1 80  0. 5 6  CL-C  
CAR 87 9 17 .
1  In t r ac el l u l ar  mal t og en ic  am yl as e  0. 2 4  3. 2. 1. -  0 . 2 4  CL- B  
CAR 87 9 18 .
1  G l yc og en  p h os p h or y l as e  0. 2 5  2. 4. 1. 1  0. 6 4  CL- B  
CAR 87 9 19 .
1  G l yc og en  s yn t h as e  0. 8 9  2. 4. 1. 2 1  0. 9 3  CL- B  
CAR 87 9 21 .
1  G luc os e-1 -p h osp h at e ad en yl y l t r ans f er as e  0. 9 2  2. 7. 7. 2 7  0. 9 3  CL- B  
CAR 87 9 22 .
1  1, 4- a l p h a-g l uc an br an ch i ng  en zyme G l g B  0. 9  2. 4. 1. 1 8  0. 9 3  CL- B  
CAR 87 9 23 .
1  
Pr ob ab l e br anc h ed -ch ai n - am in o- ac i d  
am i n ot r an s f er as e  0. 3 2  2. 6. 1. 4 2  0. 6 6  CL- B  
CAR 87 9 27 .
1  Fruc t os e- 1, 6- b isp h os p h at as e c l ass  3  0. 9 1  3. 1. 3. 1 1  0. 9 3  CL- B  
CAR 87 9 31 .
1  Pu t at i ve t yr os i n e- pr ot e i n  ph os ph at as e C ap C  0. 4  3. 1. 3. 4 8  0. 6 8  CL- B  
CAR 87 9 32 .
1  
P ol y is op r en yl - t e ic h oic  ac i d - -p ep t i d ogl yc an  
t e ich oic  ac i d  t r ans f er as e T agU  0. 6 7  2. 7. 8. -  0 . 7  CL- B  
CAR 87 9 33 .
1  dT DP- gl uc os e 4 ,6 -d eh yd r at as e  0. 4 6  4. 2. 1. 4 6  0. 5 8  CL- B  
CAR 87 9 34 .




CAR 87 9 35 .
1  G luc os e-1 -p h osp h at e th ym i d yl y l t r ans f er as e  0. 5 7  2. 7. 7. 2 4  0. 6 9  CL- B  
CAR 87 9 37 .
1  G luc os e-1 -p h osp h at e th ym i d yl y l t r ans f er as e  0. 5 7  2. 7. 7. 2 4  0. 6 4  CL-C  
CAR 87 9 38 .
1  Unch ar ac t er i zed  su g ar  t r ans f er as e Eps L  0. 2 1  2. - . - . -  0 . 3 1  CL- B  
CAR 87 9 40 .
1  B et a- 1 ,6 -g al ac t of u r an os yl t r ans f er as e W bbI  0. 5 5  2. 4. 1. -  0 . 5 5  CL-C  
CAR 87 9 45 .
1  UDP- g al ac t op yr an os e mu t as e  0. 4 5  5. 4. 9 9. 9  0. 5 1  CL-C  
CAR 87 9 47 .
1  T yr os in e- pr ot e i n  k i n as e C psD  0. 4  2. 7. 1 0. 2  0. 4 8  CL- B  
CAR 87 9 53 .
1  
2- d eh yd r o- 3- d eo xy-D- g luc on at e 5 -
d eh yd r og en as e  0. 1 5  1. 1. 1. 1 27  0. 1 5  CL- B  
CAR 87 9 69 .
1  PT S c el l ob i os e t r ans p or t er  s u bu n i t  I I A  0. 5 4  2. 7. 1. 6 9  0. 5 3  CL-D  
CAR 87 9 74 .
1  A l ph a- g al ac t os i d as e Mel 36 A  0. 3 3  3. 2. 1. 2 2  0. 8 5  CL-C  
CAR 87 9 77 .
1  AT P-d ep en d en t  R ecD - l i ke DNA  h el ic as e  0. 6 5  3. 6. 4. 1 2  0. 6 5  CL- B  
CAR 87 9 79 .
1  A l ph a- g al ac t os i d as e  0. 5 5  3. 2. 1. 2 2  0. 5 5  CL-D  
CAR 87 9 83 .
1  Pu t at i ve D - / L- h yd an t o i n as e su b un i t  A  0. 5 5  3. 5. 2. -  0 . 5 5  CL-C  
CAR 87 9 98 .
1  
PT S s ys t em suc r os e -sp ec i f ic  E I IB CA 
c omp on en t  0 . 3 7  2. 7. 1. -  0 . 6 9  CL- B  
CAR 87 9 99 .
1  PT S s ys t em suc r os e -sp ec i f ic  E I IB C c omp on en t  0 . 5 5  2. 7. 1. -  0 . 5 5  CL-C  
CAR 88 0 00 .
1  G luc an  1, 6 - a l p h a-g l uc os id as e  0. 3 2  3. 2. 1. 1 0  0. 3 6  CL- B  
CAR 88 0 02 .
1  Suc r os e-6 -p h osp h at e h yd r o l as e  0. 6 3  3. 2. 1. 2 6  0. 8 1  CL- B  
CAR 88 0 03 .
1  NAD( P)H az or ed uc t as e  0. 5 5  1. 7. - . -  0 . 5 5  CL-C  
CAR 88 0 04 .
1  Pr ob ab l e f a t t y  ac id  meth yl t r an s f er as e  0. 0 7  2. 1. 1. -  0 . 2 9  CL-C  
CAR 88 0 05 .
1  
Ac et y l -c oen z yme A c ar b o xyl as e c ar b o xyl  
t r ans f er as e s ub u ni t  a l p h a  0. 7 7  2. 1. 3. 1 5  0. 7 9  CL- B  
CAR 88 0 06 .
1  
Ac et y l -c oen z yme A c ar b o xyl as e c ar b o xyl  




CAR 88 0 07 .
1  B i ot in  c arb o xyl as e  0. 1 7  
6. 4. 1. 2 ,  
6 . 3. 4. 1 4  0. 4 4  CL- B  
CAR 88 0 08 .
1  
3- h ydr o xyac yl - [ ac yl -c ar r i er -pr ot e i n ]  
d eh yd r at as e F ab Z  0. 9 3  4. 2. 1. 5 9  0. 9 3  CL- B  
CAR 88 0 10 .
1  3- oxo ac yl - [ ac yl -c ar r i er - pr ot e i n ]  s yn th as e 2  0. 3 7  2. 3. 1. 1 79  0. 3 4  CL- B  
CAR 88 0 11 .
1  
3- oxo ac yl - [ ac yl -c ar r i er - pr ot e i n ]  r ed uc t as e 
F abG  0. 3 8  1. 1. 1. 1 00  0. 4 4  CL- B  
CAR 88 0 12 .
1  Mal on yl  C oA- ac yl  c ar r i er  pr ot e i n  t r ans ac yl as e  0. 6 6  2. 3. 1. 3 9  0. 7 1  CL- B  
CAR 88 0 13 .
1  Pr ob ab l e n i t r on at e mon o oxyg en as e  0. 6 8  
1. 1 3. 12 .1
6  0. 7 1  CL- B  
CAR 88 0 15 .
1  3- oxo ac yl - [ ac yl -c ar r i er - pr ot e i n ]  s yn th as e 3  0. 9 1  2. 3. 1. 1 80  0. 9 1  CL-C  
CAR 88 0 17 .
1  
3- h ydr o xyac yl - [ ac yl -c ar r i er -pr ot e i n ]  
d eh yd r at as e F ab Z  0. 9 3  4. 2. 1. 5 9  0. 9 3  CL-C  
CAR 88 0 19 .
1  
Pr ob ab l e N ADH -d ep en d en t  bu t an ol  
d eh yd r og en as e 2  0. 2  1. 1. 1. -  0 . 4 4  CL- B  
CAR 88 0 33 .
1  
2, 3- b is p h os p h og l yc er at e - d ep en d en t  
ph os ph og l yc er at e mut as e 0. 8 2  5. 4. 2. 1 1  0. 9 3  CL-C  
CAR 88 0 43 .
1  
G l yc i n e b et a i n e t r an sp or t  AT P -b i nd i ng  p r ot e i n  
Opu AA  0. 2 2  3. 6. 3. 3 2  0. 2 6  CL- B  
CAR 88 0 47 .
1  D- as p ar t at e l ig as e  0. 7  6. 3. 1. 1 2  0. 7  CL-C  
CAR 88 0 48 .
1  H omos er i n e k i n as e  0. 7 9  2. 7. 1. 3 9  0. 7 9  CL-C  
CAR 88 0 50 .
1  H omos er i n e d eh yd r og en as e  0. 7 6  1. 1. 1. 3  0. 7 6  CL-C  
CAR 88 0 51 .
1  Asp ar t ok i n as e 3  0. 2 2  2. 7. 2. 4  0. 4 3  CL- B  
CAR 88 0 58 .
1  D-3- p h os p h og l yc er at e d eh yd r og en as e  0. 1 7  
1. 1. 1. 9 5,  
1 . 1. 1. 3 99  0. 1 4  CL- B  
CAR 88 0 59 .
1  
Pu t at i ve N - ac et y l - LL -d i am i n op i mel at e 
am i n ot r an s f er as e  0. 1 6  2. 6. 1. -  0 . 2 6  CL- B  
CAR 88 0 70 .
1  
Asp ar ag i n e s ynt h et as e [ g lu t am i n e -h yd r o l yz i n g]  
1  0. 1 5  6. 3. 5. 4  0. 7  CL- B  
CAR 88 0 72 .
1  Unch ar ac t er i zed  p r ot eas e Yd eA  0. 6 5  3. 2. - . -  0 . 6 5  CL- B  
CAR 88 0 77 .
1  
H ept ap r en yl  d i p h os p h at e s yn th as e c omp on en t  




CAR 88 0 78 .
1  Ac et at e k i n as e  0. 8 6  2. 7. 2. 1  0. 9  CL- B  
CAR 88 0 84 .
1  G luc os e 1- d eh yd r og en as e  0. 1 8  1. 1. 1. 4 7  0. 2 6  CL- B  
CAR 88 0 85 .
1  6- ph os ph o- b et a- g al ac t os i d as e  0. 3 7  3. 2. 1. 8 6  0. 5 2  CL- B  
CAR 88 0 86 .
1  Ar y l - p h os p h o-b et a- D- g l uc os i d as e Bg lC  0. 1 9  3. 2. 1. 8 6  0. 5  CL- B  
CAR 88 0 87 .
1  
PT S s ys t em suc r os e-sp ec i f ic  E I IB CA 
c omp on en t  0 . 2 9  2. 7. 1. -  0 . 5 6  CL- B  
CAR 88 0 90 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 3 4  3. 6. 3. -  0 . 5 4  CL- B  
CAR 88 0 98 .
1  CRIS PR- ass oc i at ed  en d on uc l e as e C as 1  0. 6 5  3. 1. - . -  0 . 6 5  CL-C  
CAR 88 0 99 .
1  CRIS PR- ass oc i at ed  en d on uc l e as e C as 9  0. 5 6  3. 1. - . -  0 . 7 9  CL-C  
CAR 88 1 02 .
1  C yt oc hr ome b d- I  u b i q u i n o l  ox i d as e s ub u ni t  2  0 . 3 2  1. 1 0. 3. -  0 . 2 9  CL- B  
CAR 88 1 03 .
1  C yt oc hr ome b d- I  u b i q u i n o l  ox i d as e s ub u ni t  1  0 . 2 6  1. 1 0. 3. -  0 . 4 2  CL- B  
CAR 88 1 04 .
1  T h ym id i n e p h osp h or y l as e  0. 5  2. 4. 2. 4  0. 5  CL- B  
CAR 88 1 05 .
1  Ad en os in e d e am i n as e  0. 8 7  3. 5. 4. 4  0. 8 8  CL-C  
CAR 88 1 10 .
1  
Pr ob ab l e G MP s yn th as e [g l u t am i n e -
h ydr o l yz i ng ]  0 . 2 2  6. 3. 5. 2  0. 2 2  CL-C  
CAR 88 1 16 .
1  Ep o xyq u eu os i n e r ed uc t as e  0. 7 5  1. 1 7. 99 .6  0. 7 5  CL- B  
CAR 88 1 37 .
1  
P ol y is op r en yl - t e ic h oic  ac i d - -p ep t i d ogl yc an  
t e ich oic  ac i d  t r ans f er as e T agU  0. 6 1  2. 7. 8. -  0 . 6 8  CL- B  
CAR 88 1 45 .
1  
tRNA  N 6- ad en os i n e 
thr e on yl c arb am o yl t r ans f er as e  0. 9 3  2. 3. 1. 2 34  0. 9 3  CL-C  
CAR 88 1 51 .
1  Pr ob ab l e L - asp ar ag i n as e  0. 2 1  3. 5. 1. 1  0. 5 1  CL- B  
CAR 88 1 53 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e I  0 . 7 9  2. 1. 1. 1 98  0. 7 9  CL- B  
CAR 88 1 55 .
1  DNA p ol ym er as e I I I  s u bu n i t  d e l t a '  0 . 6 5  2. 7. 7. 7  0. 6 5  CL- B  
CAR 88 1 57 .




CAR 88 1 61 .
1  DNA p ol ym er as e I I I  s u bu n i t  g amma/ t au  0. 3  2. 7. 7. 7  0. 4 7  CL- B  
CAR 88 1 62 .
1  tRNA -sp ec i f ic  ad en os i n e d eam i n as e  0. 7 9  3. 5. 4. 3 3  0. 7 9  CL- B  
CAR 88 1 65 .
1  Ph osp h at id y l g l yc er o l  l ys y l t r ans f er as e  0. 7 1  2. 3. 2. 3  0. 7 1  CL- B  
CAR 88 1 69 .
1  Mi n or  ext r ac el l u l ar  pr ot eas e vp r  0 . 1 9  3. 4. 2 1. -  0 . 1 9  CL- B  
CAR 88 1 70 .
1  F old as e pr ot e i n  Prs A  0. 7 2  5. 2. 1. 8  0. 9 3  CL- B  
CAR 88 1 80 .
1  
P ol y(g l yc er o l - p h os p h at e)  a l p h a -
g l uc os yl t r an s f er as e  0. 2 7  2. 4. 1. 5 2  0. 2 7  CL- B  
CAR 88 1 81 .
1  
Succ i n at e-s em i a l d eh yd e d eh yd r og en as e 
[NAD P( +) ]  0 . 1 5  1. 2. 1. 7 9  0. 1 8  CL- B  
CAR 88 1 85 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 1 9  3. 6. 3. 8  0. 3 4  CL- B  
CAR 88 1 87 .
1  
G lu t amyl - tRNA (G l n)  am i d ot r ans f er as e s ub u ni t  
A  0. 8 1  6. 3. 5. 7  0. 8 4  CL- B  
CAR 88 1 88 .
1  
C ob( I ) yr i n ic  ac i d  a,c - d i am id e 
ad en os yl t r an s f er as e  0. 6 5  2. 5. 1. 1 7  0. 6 5  CL- B  
CAR 88 1 91 .
1  
Ad en os ylc ob al am i n - d ep en d en t  r i b on uc l eos i d e -
t r i p h os p h at e r ed uc t as e  0. 7 5  1. 1 7. 4. 2  0. 9 3  CL-C  
CAR 88 1 92 .
1  Nuc l e os i d e 2 - d eo xyr ib os yl t r ans f er as e  0. 6 6  2. 4. 2. 6  0. 5 3  CL-D  
CAR 88 1 99 .
1  FAD :p r ot e i n  F MN t r ans f er as e  0. 5 6  2. 7. 1. 1 80  0. 5 6  CL-C  
CAR 88 2 03 .
1  NADH  d eh yd r og en as e - l i ke pr ot e i n  SAR 0 90 3  0. 1 8  1. 6. 9 9. -  0 . 6 3  CL- B  
CAR 88 2 06 .
1  
H ept ap r en yl  d i p h os p h at e s yn th as e c omp on en t  
2  0. 2 2  2. 5. 1. 3 0  0. 2 2  CL- B  
CAR 88 2 19 .
1  
23 S r RNA  ( gu an os i n e -2 ' -O- ) - met h yl t r ans f er as e 
R l mB  0. 3 4  2. 1. 1. -  0 . 4 4  CL- B  
CAR 88 2 20 .
1  Mi n i - r i b on uc l eas e 3  0. 8 3  3. 1. 2 6. -  0 . 8 3  CL- B  
CAR 88 2 21 .
1  C ys t e i n e- - tRN A l i g as e  0. 9 3  6. 1. 1. 1 6  0. 9 3  CL- B  
CAR 88 2 27 .
1  G lu t amat e- - tR NA l ig as e  0. 9  6. 1. 1. 1 7  0. 9 3  CL- B  
CAR 88 2 34 .
1  
Unch ar ac t er i zed  PI N an d  T RA M - d omai n  




CAR 88 2 35 .
1  DNA r ep ai r  pr ot e i n  R adA  0. 7 9  3. 6. 4. -  0 . 7 9  CL- B  
CAR 88 2 36 .
1  
D eoxyu r i d i n e 5 ' - t r ip h osp h at e 
nuc l eot i d oh yd r o l as e  0. 7  3. 6. 1. 2 3  0. 7  CL-C  
CAR 88 2 40 .
1  Am i n op ep t i d as e G  0. 3 2  3. 4. 2 2. -  0 . 5  CL-C  
CAR 88 2 41 .
1  Am i n op ep t i d as e C  0. 5 5  3. 4. 2 2. 40  0. 8 1  CL-C  
CAR 88 2 46 .
1  P yr u vat e,  p h osp h at e d ik i n as e  0. 2 7  2. 7. 9. 1  0. 4 5  CL-C  
CAR 88 2 48 .
1  
2, 3- b is p h os p h og l yc er at e - d ep en d en t  
ph os ph og l yc er at e mut as e 0. 7 9  5. 4. 2. 1 1  0. 9 3  CL-C  
CAR 88 2 51 .
1  L ac t at e 2 - mon o oxyg en as e  0. 1 6  1. 1 3. 12 .4  0. 1 6  CL-C  
CAR 88 2 60 .
1  G amma-g l ut amyl  p h os p h at e r ed uc t as e  0. 9 3  1. 2. 1. 4 1  0. 9 3  CL-C  
CAR 88 2 61 .
1  G lu t amat e 5 -k i n as e  0. 8 7  2. 7. 2. 1 1  0. 8 8  CL-C  
CAR 88 2 81 .
1  
SPBc 2 pr op h ag e- d er i ved  s u bl an c i n - 16 8-
pr oc ess i n g an d  t r an sp or t  AT P - bi nd i ng  pr ot e i n  
Su nT  0. 1 5  3. 4. 2 2. -  0 . 3 7  CL- B  
CAR 88 2 96 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e YcsN  0. 4  1. - . - . -  0 . 6 2  CL- B  
CAR 88 2 98 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e MW 240 3  0. 1 7  1. - . - . -  0 . 4 9  CL-C  
CAR 88 2 99 .
1  
Pr ob ab l e N ADH -d ep en d en t  f l a v i n  
o xi d or ed uc t as e Yqi G  0. 1 6  1. - . - . -  0 . 2 8  CL- B  
CAR 88 3 01 .
1  Fu mar at e h yd r at as e c l ass  I I  0 . 6 2  4. 2. 1. 2  0. 7 1  CL- B  
CAR 88 3 07 .
1  C alc i u m- t r an sp or t i n g AT P as e 1  0. 1 9  3. 6. 3. 8  0. 4 8  CL- B  
CAR 88 3 31 .
1  L on g-c h ai n- f at t y - ac i d- -C oA  l i g as e  0. 2 1  6. 2. 1. 3  0. 2 2  CL- B  
CAR 88 3 33 .
1  
A l ip h at ic  su l f on at es  i mp or t  AT P -b in d in g  
pr ot e i n  Ssu B  0. 3 3  3. 6. 3. -  0 . 6 6  CL- B  
CAR 88 3 37 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 2 7  3. 6. 3. -  0 . 5 1  CL- B  
CAR 88 3 38 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 3 7  3. 6. 3. -  0 . 5 7  CL- B  
CAR 88 3 46 .
1  
L i p op r ot e i n - r e l e as i n g s ys t em AT P -b i nd i ng  




CAR 88 3 50 .
1  tRNA  ps eu d ou r id i n e s ynt h as e A  0. 9  5. 4. 9 9. 12  0. 9 3  CL-C  
CAR 88 3 52 .
1  
En er g y-c ou pl i ng  f ac t or  t r ans p or t er  AT P -
bi n d i n g pr ot e i n  Ec f A2  0. 8 5  3. 6. 3. -  0 . 9 3  CL- B  
CAR 88 3 53 .
1  
En er g y-c ou pl i ng  f ac t or  t r ans p or t er  AT P -
bi n d i n g pr ot e i n  Ec f A1  0. 8 8  3. 6. 3. -  0 . 9 3  CL- B  
CAR 88 3 56 .
1  DNA- di r ec t ed RNA  p ol ymer as e s ub u ni t  a l p h a  0. 9 3  2. 7. 7. 6  0. 9 3  CL- B  
CAR 88 3 61 .
1  Ad en yl at e k in as e  0. 9 3  2. 7. 4. 3  0. 9 3  CL- B  
CAR 88 3 85 .
1  A l ky l  h yd r op er o xi d e r ed uc t as e C  0. 3 8  1. 1 1. 1. 15  0. 7 1  CL- B  
CAR 88 3 92 .
1  DNA- di r ec t ed RNA  p ol ymer as e s ub u ni t  b et a '  0 . 9 3  2. 7. 7. 6  0. 9 3  CL- B  
CAR 88 3 93 .
1  DNA- di r ec t ed RNA  p ol ymer as e s ub u ni t  b et a  0. 9 3  2. 7. 7. 6  0. 9 3  CL- B  
CAR 88 4 03 .
1  L ys i n e- - t RNA  l ig as e  0. 9 3  6. 1. 1. 6  0. 9 3  CL- B  
CAR 88 4 04 .
1  tRNA -d i h ydr ou r id i n e s ynt h as e B  0. 3 7  1. 3. 1. -  0 . 6 2  CL- B  
CAR 88 4 09 .
1  AT P-d ep en d en t  z i nc  met a l l op r ot eas e FtsH  0. 7 7  3. 4. 2 4. -  0 . 8 8  CL- B  
CAR 88 4 10 .
1  
H yp oxan t h i n e- gu an i n e 
ph os ph or i b os yl t r ans f er as e  0. 6 6  2. 4. 2. 8  0. 7 4  CL- B  
CAR 88 4 11 .
1  tRNA ( I l e) - l ys id i n e s ynt h as e  0. 8 2  6. 3. 4. 1 9  0. 8 2  CL- B  
CAR 88 4 16 .
1  T ransc r ip t i on - r ep ai r -c oup l in g f ac t or  0 . 4 9  3. 6. 4. -  0 . 4 9  CL- B  
CAR 88 4 17 .
1  P ept id y l - tRNA  h ydr o l as e  0. 9 3  3. 1. 1. 2 9  0. 9 3  CL- B  
CAR 88 4 18 .
1  L- l ac t at e d eh yd r og en as e  0. 7 5  1. 1. 1. 2 7  0. 9 3  CL- B  
CAR 88 4 24 .
1  Pu t at i ve L, D - t r an sp ep t i d as e Yc iB  0. 6 5  2. - . - . -  0 . 6 5  CL- B  
CAR 88 4 25 .
1  G lu t amat e s ynt h as e [N AD PH]  smal l  ch ai n  0. 2 6  1. 4. 1. 1 3  0. 3  CL- B  
CAR 88 4 26 .
1  G lu t amat e s ynt h as e [N AD PH]  l ar g e ch ai n  0. 2 1  1. 4. 1. 1 3  0. 3 3  CL- B  
CAR 88 4 29 .




CAR 88 4 31 .
1  A l an i n e r ac emas e  0. 8 6  5. 1. 1. 1  0. 9 2  CL- B  
CAR 88 4 32 .
1  H ol o- [ ac yl -c ar r i er - pr ot e i n ]  s yn th as e  0. 9 3  2. 7. 8. 7  0. 9 3  CL-C  
CAR 88 4 33 .
1  DEAD -b o x AT P-d ep en d en t  R NA  h el ic as e Csh A  0. 3 8  3. 6. 4. 1 3  0. 8 3  CL- B  
CAR 88 4 34 .
1  
UDP-N - ac et y l mu r amo yl - t r i p ept i d e- -D- a l an yl -D-
a l an i n e l i g as e  0. 6 2  6. 3. 2. 1 0  0. 6 2  CL- B  
CAR 88 4 40 .
1  
UDP-N - ac et y l g l uc os am i n e 1 -
c arb o xyvi n yl t r ans f er as e 2  0. 5 9  2. 5. 1. 7  0. 9 3  CL- B  
CAR 88 4 41 .
1  CT P s ynt h as e  0. 9 3  6. 3. 4. 2  0. 9 3  CL- B  
CAR 88 4 42 .
1  NADH  d eh yd r og en as e - l i ke pr ot e i n  Yu mB  0. 1 8  1. 6. - . -  0 . 2 2  CL- B  
CAR 88 4 49 .
1  Oc t an oyl - [Gc vH] : pr ot e i n  N - oc t an o yl t r ans f er as e  0. 6 8  2. 3. 1. 2 04  0. 6 8  CL- B  
CAR 88 4 56 .
1  R i b os e- ph os ph at e p yr op h os ph ok i n as e  0. 5 2  2. 7. 6. 1  0. 8 8  CL- B  
CAR 88 4 57 .
1  B i f u nc t i on al  p r ot e i n  G l mU  0. 9 3  
2. 3. 1. 1 57
,  2 . 7. 7. 2 3  0. 9 3  CL- B  
CAR 88 4 60 .
1  Pr ob ab l e i r on  exp or t  AT P - b in d in g  pr ot e i n  F etA  0. 1 7  3. 6. 3. -  0 . 1 7  CL-C  
CAR 88 4 63 .
1  
4- d i p h os p h oc yt i d y l - 2- C- met h yl -D - er yt hr i t o l  
k i n as e 0. 8  2. 7. 1. 1 48  0. 9 3  CL- B  
CAR 88 4 66 .
1  
R i b os omal  RNA  smal l  su b un i t  
met h yl t r ans f er as e A  0. 9 3  2. 1. 1. 1 82  0. 9 3  CL- B  
CAR 88 4 67 .
1  R i b on uc l eas e M5  0. 7  3. 1. 2 6. 8  0. 9 3  CL- B  
CAR 88 4 68 .
1  
Unch ar ac t er i zed  met a l - d ep en d en t  h yd r o l as e 
Yab D  0. 1 6  3. 1. - . -  0 . 3 1  CL- B  
CAR 88 4 70 .
1  T ag at os e 1 , 6 - d i ph os ph at e a l d o l as e  0. 6  4. 1. 2. 4 0  0. 7 9  CL-C  
CAR 88 4 75 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 3 5  3. 6. 3. -  0 . 5 4  CL- B  
CAR 88 4 76 .
1  
L i p id  A  e xp or t  AT P - bi n d i n g/ p er meas e pr ot e i n  
Msb A  0. 4 6  3. 6. 3. -  0 . 5 1  CL- B  
CAR 88 4 79 .
1  Met h i on i n e- - tRN A l i g as e  0. 7 6  6. 1. 1. 1 0  0. 8 3  CL- B  
CAR 88 4 82 .




CAR 88 4 86 .
1  L- l ac t at e d eh yd r og en as e  0. 7 1  1. 1. 1. 2 7  0. 9 2  CL- B  
CAR 88 4 88 .
1  NAD- d ep en d en t  p r ot e i n  d eac et y l as e  0. 8 1  3. 5. 1. -  0 . 8 1  CL-C  
CAR 88 4 95 .
1  P ol yp h os p h at e k i n as e  0. 7 7  2. 7. 4. 1  0. 7 9  CL-C  
CAR 88 4 96 .
1  E xop ol yp h osp h at as e  0. 8 9  3. 6. 1. 1 1  0. 5 1  CL-D  
CAR 88 4 97 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e YcsN  0. 3 2  1. - . - . -  0 . 4 5  CL- B  
CAR 88 4 99 .
1  
Pu t at i ve p h os p hi n ot hr ic i n  ac et y l t r ans f er as e 
Ywn H  0. 6 5  2. 3. 1. 1 83  0. 6 5  CL- B  
CAR 88 5 04 .
1  T r yp t op h an - - tR NA l ig as e  0. 7 7  6. 1. 1. 2  0. 7 9  CL-C  
CAR 88 5 10 .
1  D i h ydr o l i p oyl  d eh yd r og en as e  0. 3 9  1. 8. 1. 4  0. 4 3  CL- B  
CAR 88 5 14 .
1  DNA h el ic as e IV  0. 6 5  3. 6. 4. 1 2  0. 6 5  CL- B  
CAR 88 5 25 .
1  Unch ar ac t er i zed  oxi d or ed uc t as e Yr pG  0. 1 7  1. 1. 1. -  0 . 3 7  CL- B  
CAR 88 5 32 .
1  R i b on uc l eas e H  0. 6 4  3. 1. 2 6. 4  0. 6 4  CL-C  
CAR 88 5 42 .
1  
PT S s ys t em f ruc t os e -sp ec i f ic  E I IA BC 
c omp on en t  0 . 2 3  2. 7. 1. 2 02  0. 4 3  CL- B  
CAR 88 5 43 .
1  1- ph os ph of ruc t ok in as e  0. 2 5  2. 7. 1. 5 6  0. 2 5  CL- B  
CAR 88 5 45 .
1  G l yc er o l  k i n as e  0. 9 2  2. 7. 1. 3 0  0. 9 3  CL- B  
CAR 88 5 48 .
1  
PT S s ys t em man n os e -s p ec i f ic  E I I AB  
c omp on en t  0 . 6 4  2. 7. 1. 1 91  0. 6 4  CL-C  
CAR 88 5 51 .
1  G al l a t e d ec ar b o xyl as e  0. 4  
4. 1. 1. 5 9,  
4 . 1. 1. 6 3  0. 4  CL-C  
CAR 88 5 52 .
1  F l a vi n  pr en yl t r ans f er as e U b i X  0. 5 5  2. 5. 1. 1 29  0. 7 9  CL- B  
CAR 88 5 59 .
1  D-g al ac t on at e d eh yd r at as e  0. 2 9  4. 2. 1. 6  0. 3  CL-C  
CAR 88 5 65 .
1  PT S c el l ob i os e t r ans p or t er  s u bu n i t  I I A  0. 5 5  2. 7. 1. 6 9  0. 5 1  CL-D  
CAR 88 5 66 .




CAR 88 5 67 .
1  6- ph os ph o- b et a- g l uc os i d as e G muD  0. 1 5  3. 2. 1. 8 6  0. 2 4  CL- B  
CAR 88 5 70 .
1  Man n os yl g l yc er at e h yd r o l as e  0. 5 5  3. 2. 1. 1 70  0. 5 5  CL-C  
CAR 88 5 72 .
1  Man n os yl g l yc er at e h yd r o l as e  0. 5 5  3. 2. 1. 1 70  0. 5 5  CL-C  
CAR 88 5 77 .
1  L- f uc os e mu t ar ot as e  0. 5 4  5. 1. 3. 2 9  0. 5 7  CL-C  
CAR 88 5 79 .
1  Rh amn u l ok in as e  0. 8 4  2. 7. 1. 5  0. 8 5  CL-C  
CAR 88 5 80 .
1  L- f uc os e is omer as e  0. 7 9  5. 3. 1. 2 5  0. 7 8  CL-C  
CAR 88 5 82 .
1  Rh amn u l os e- 1- ph os ph at e a l d o l as e  0. 8  4. 1. 2. 1 9  0. 8 1  CL-C  
CAR 88 5 83 .
1  L- r h amn os e is om er as e  0. 8  5. 3. 1. 1 4  0. 8  CL-C  
CAR 88 5 84 .
1  L- r h amn os e mut ar ot as e  0. 8 8  5. 1. 3. 3 2  0. 8 8  CL-C  
CAR 88 5 85 .
1  Rh amn u l ok in as e  0. 8 7  2. 7. 1. 5  0. 8 7  CL- B  
CAR 88 5 88 .
1  Ar y l - a lc oh ol  d eh yd r og en as e  0. 0 5  1. 1. 1. 9 0  0. 0 5  CL-C  
CAR 88 5 91 .
1  G luc an  1, 6 - a l p h a-g l uc os id as e  0. 3 2  3. 2. 1. 1 0  0. 3 6  CL- B  
CAR 88 5 94 .
1  R i b os e- 5- ph os ph at e is omer as e A  0. 9 2  5. 3. 1. 6  0. 9 2  CL-C  
CAR 88 5 96 .
1  6- ph os ph o- a l p h a- g l uc os i d as e 1  0. 3 4  3. 2. 1. 1 22  0. 5 6  CL- B  
CAR 88 5 97 .
1  PT S s ys t em mal t os e -sp ec i f ic  E I IC B c omp on en t  0 . 1 4  2. 7. 1. 2 08  0. 1 4  CL- B  
CAR 88 6 00 .
1  
PT S s ys t em g l uc os e -s p ec i f ic  E I IC BA  
c omp on en t  0 . 4 9  2. 7. 1. 1 99  0. 4 9  CL- B  
CAR 88 6 02 .
1  2- d eh yd r o- 3- d eo xy- ph osp h og l uc on at e a l d o l as e  0. 5 5  4. 1. 2. 1 4  0. 5 5  CL-C  
CAR 88 6 03 .
1  D-g luc os am i n at e - 6-p h osp h at e amm on i a l yas e  0. 3  4. 3. 1. 2 9  0. 3  CL-C  
CAR 88 6 04 .
1  D eac et y l as e E F_ 0 83 7  0. 3 7  3. 1. 1. -  0 . 6 4  CL-C  
CAR 88 6 11 .




CAR 88 6 13 .
1  
PT S s ys t em g l uc i t o l /s or b i t o l -s p ec i f ic  E I I B  
c omp on en t  0 . 6  2. 7. 1. 1 98  0. 6  CL-C  
CAR 88 6 17 .
1  
3- oxo ac yl - [ ac yl -c ar r i er - pr ot e i n ]  r ed uc t as e 
F abG  0. 4  1. 1. 1. 1 00  0. 4  CL- B  
CAR 88 6 18 .
1  L- r i bu l os e- 5- p h os p h at e 4- ep i mer as e U l aF  0. 4 6  5. 1. 3. 4  0. 7  CL-C  
CAR 88 6 19 .
1  Pu t at i ve p h os p h at as e Y xeH  0. 2 7  3. 1. 3. -  0 . 2 7  CL- B  
CAR 88 6 20 .
1  L- r i bu l os e- 5- p h os p h at e 3 - ep i mer as e U l aE  0. 5 2  5. 1. 3. 2 2  0. 5 7  CL-C  
CAR 88 6 23 .
1  
3- ket o- L- gu l on at e- 6- p h os p h at e d ec ar b oxyl as e 
U l aD  0. 5 4  4. 1. 1. 8 5  0. 5 7  CL-C  
CAR 88 6 25 .
1  PT S asc or b at e t r ans p or t er  s u bu n i t  I I B  0. 5 6  2. 7. 1. 6 9  0. 4 8  CL-D  
CAR 88 6 28 .
1  
Pr ob ab l e L - asc or b at e - 6- p h os p h at e l ac t on as e 
U l aG  0. 5 7  3. 1. 1. -  0 . 5 7  CL-C  
CAR 88 6 29 .
1  PI I - t yp e p r ot e i n as e  0. 5  3. 4. 2 1. 96  0. 7 3  CL-C  
CAR 88 6 32 .
1  Is oas p ar t y l  p ep t id as e/ L - as p ar ag i n as e  0. 1 2  3. 5. 1. 2 6  0. 2 7  CL-C  
CAR 88 6 33 .
1  B et a- A l a- X aa d i p ept i d as e  0. 3 3  3. 4. 1 3. -  0 . 7 9  CL- B  
CAR 88 6 36 .
1  A l ph a- L- f uc os i d as e  0. 8  3. 2. 1. 5 1  0. 4 9  CL-D  
CAR 88 6 38 .
1  Xyl u l os e k i n as e  0. 5 9  2. 7. 1. 1 7  0. 5 9  CL- B  
CAR 88 6 39 .
1  S or b i t o l  d eh yd r og en as e  0. 2 9  1. 1. 1. 1 4  0. 2 9  CL- B  
CAR 88 6 46 .
1  Pr ob ab l e f r uc t os e - b isp h os p h at e a l d o l as e  0. 1 6  4. 1. 2. 1 3  0. 4 1  CL- B  
CAR 88 6 49 .
1  PT S su g ar  t r ans p or t er  su b un i t  I IB  0. 5 4  2. 7. 1. 6 9  0. 5 4  CL-D  
CAR 88 6 50 .
1  Unch ar ac t er i zed  p r ot e i n  0. 4 7  2. 7. 1. 6 9  0. 3 6  CL-D  
CAR 88 6 51 .
1  Pr ob ab l e f r uc t os e- b isp h os p h at e a l d o l as e  0. 1 6  4. 1. 2. 1 3  0. 4 1  CL- B  
CAR 88 6 54 .
1  Pu t at i ve ADP- r i b os e p yr op h os ph at as e Y j hB  0. 6 5  3. 6. 1. -  0 . 6 5  CL- B  
CAR 88 6 57 .




CAR 88 6 59 .
1  
Unch ar ac t er i zed  is och or is mat as e f am i l y  
pr ot e i n  P ncA  0. 6 5  3. - . - . -  0 . 6 5  CL- B  
CAR 88 6 60 .
1  N ic ot i n at e p h os p h or i b os yl t r an s f er as e  0. 3 7  6. 3. 4. 2 1  0. 6 2  CL- B  
CAR 88 6 62 .
1  Ars en at e r ed uc t as e  0. 6 1  1. 2 0. 4. 4  0. 7 1  CL- B  
CAR 88 6 66 .
1  Mal t od e xt r i n  imp or t  AT P -b i nd in g  p r ot e i n  Ms mX  0. 1 5  3. 6. 3. -  0 . 1 4  CL- B  
CAR 88 6 70 .
1  N- ac et y l mur am ic  ac i d  6- p h os ph at e et h er as e  0. 8 9  4. 2. 1. 1 26  0. 9 3  CL-C  
CAR 88 6 78 .
1  G l yo xal  r ed uc t as e  0. 1 5  
1. 1. 1. 2 83
,  1 . 1. 1. -  0 . 1 5  CL- B  
CAR 88 6 92 .
1  
R i b os omal  RNA  l ar g e s ub u ni t  
met h yl t r ans f er as e H  0. 9 3  2. 1. 1. 1 77  0. 9 3  CL- B  
CAR 88 6 95 .
1  B et a- A l a- H is  d ip ep t i d as e  0. 1 5  3. 4. 1 3. 20  0. 1 5  CL-C  
CAR 88 6 98 .
1  Z i nc - t r ans p or t i n g AT P as e  0. 1 3  3. 6. 3. -  0 . 3 4  CL- B  
CAR 88 7 01 .
1  Unch ar ac t er i zed  s er i n e p r ot eas e YyxA  0. 1 6  3. 4. 2 1. -  0 . 4 1  CL- B  
CAR 88 7 04 .
1  Pu t at i ve met a l l o - h yd r o l as e Y ycJ  0. 6 5  3. - . - . -  0 . 6 5  CL- B  
CAR 88 7 07 .
1  S ens or  pr ot e i n  k i n as e W al K  0. 4 1  2. 7. 1 3. 3  0. 7 1  CL- B  
CAR 88 7 12 .
1  Arg i n i n os ucc i n at e s yn t h as e  0. 9 3  6. 3. 4. 5  0. 9 3  CL- B  
CAR 88 7 13 .
1  Arg i n i n os ucc i n at e l yas e  0. 9 2  4. 3. 2. 1  0. 9 3  CL- B  
CAR 88 7 19 .
1  PT S c el l ob i os e t r ans p or t er  s u bu n i t  I I A  0. 5 4  2. 7. 1. 6 9  0. 5 2  CL-D  
CAR 88 7 25 .
1  Pr ob ab l e h yd r o l as e Yc aC  0. 5 5  4. - . - . -  0 . 5 5  CL-C  
CAR 88 7 28 .
1  A l d o-ket o r ed uc t as e Yh dN  0. 2 1  1. 1. 1. -  0 . 4 4  CL- B  
CAR 88 7 33 .
1  PT S s ys t em f ruc t os e -sp ec i f ic  E I IB  c omp on en t  0 . 2 1  2. 7. 1. 2 02  0. 2 1  CL- B  
CAR 88 7 47 .
1  A l ph a- g al ac t os i d as e  0. 5 3  3. 2. 1. 2 2  0. 4 8  CL-D  
CAR 88 7 56 .




CAR 88 7 67 .
1  Fu mar at e h yd r at as e c l ass  I I  0 . 5 8  4. 2. 1. 2  0. 6 5  CL- B  
CAR 88 7 70 .
1  Pr ob ab l e N AD- d ep en d en t  mal ic  en zyme 1  0. 2  1. 1. 1. 3 8  0. 3 6  CL- B  
CAR 88 7 71 .
1  Pr ob ab l e N AD- d ep en d en t  mal ic  en zyme 1  0. 2 2  1. 1. 1. 3 8  0. 4 3  CL- B  
CAR 88 7 73 .
1  Pr ob ab l e C 4- d ic ar b o xyl at e s ens or  k i n as e  0. 2 9  2. 7. 1 3. 3  0. 7 1  CL- B  
CAR 88 8 01 .
1  R i b os e- ph os ph at e p yr op h os ph ok i n as e  0. 5 2  2. 7. 6. 1  0. 8 8  CL- B  
CAR 88 8 04 .
1  Man n i t o l -1 -p h os p h at e 5 - d eh yd r og en as e  0. 9 3  1. 1. 1. 1 7  0. 9 3  CL- B  
CAR 88 8 06 .
1  T ransc r ip t i on al  r eg ul at or  Mt lR  0. 4  2. 7. 1. 1 97  0. 4  CL- B  
CAR 88 8 07 .
1  
PT S s ys t em man ni t o l -s p ec i f ic  E I I CB 
c omp on en t  0 . 6 1  2. 7. 1. 1 97  0. 7 9  CL- B  
CAR 88 8 08 .
1  G luc os am i n e-6 -p h os p h at e d eam i n as e  0. 9 2  3. 5. 9 9. 6  0. 9 3  CL- B  
CAR 88 8 15 .
1  
Mac r o l id e e xp or t  AT P - bi n d i n g/ p er meas e 
pr ot e i n  MacB  0. 3 8  3. 6. 3. -  0 . 6 5  CL- B  
CAR 88 8 19 .
1  T rans am i n as e M t nE  0. 1 6  2. 6. 1. -  0 . 2 6  CL- B  
CAR 88 8 20 .
1  H ydr o l as e Mt nU  0. 2 2  3. 5. - . -  0 . 3 2  CL- B  
CAR 88 8 23 .
1  H ydr o xyc ar b oxyl at e d eh yd r og en as e A  0. 1 1  1. 1. 1. -  0 . 1 1  CL-C  
CAR 88 8 26 .
1  Pu t at i ve am i d oh yd r o l as e Yh aA  0. 1 5  3. 5. 1. -  0 . 1 5  CL- B  
CAR 88 8 33 .
1  tRNA  mod i f ic at i on  GT P as e Mn mE  0. 9 3  3. 6. - . -  0 . 9 3  CL- B  
CAR 88 8 37 .
1  R i b on uc l eas e P pr ot e i n  c omp on en t  0 . 9 3  3. 1. 2 6. 5  0. 9 3  CL-C  
LGG _0 2 20




The table 8 shows the  identi f ied  biomass precursors  considered for the construction of the draf t .  
T ab le  8-  Co n st i tu t io n of  th e b io mass  u sed in  th e co nst ru ction  o f  th e d ra f t.  
Macromuleculas Metabolites Formula KEGG ID stoichiometry mass % MW 
mmol M/ gMM mmol M/ gDW g MM/ gDW gM/molM 
Cofactors Glutathione C10H17N3O6S C00051 0,0001     307.3235 
FMN C17H21N4O9P C00061 0,0001   456.3438 
NADPH C21H30N7O17P3 C00005 0,0001   745.4209 
Pyridoxal phosphate C8H10NO6P C00018 0,0001   247.1419 
Ubiquinone C14H18O4(C5H8)n C00399 0,0001     
CoA C21H36N7O16P3S C00010 0,0001   767.5341 
NAD+ C21H28N7O14P2 C00003 0,0001    664.433 
S-Adenosyl-L-methionine C15H22N6O5S C00019 0,0001   398.4374 
FAD C27H33N9O15P2 C00016 0,0001   785.5497 
Thiamine C12H17N4OS C00378 0,0001   265.3546 
Heme C34H32FeN4O4 C00032 0,0001    616.4873 
Tetrahydrofolate C19H23N7O6 C00101 0,0001   445.4292 
Riboflavin C17H20N4O6 C00255 0,0001   376.3639 
e-DNA dCTP C9H16N3O13P3 C00458 0,562440419 0,013098 0,03602689 467,1569 
dTTP C10H17N2O14P3 C00459 1,026374325 0,023902 482,1683 
dGTP C10H16N5O13P3 C00286 0,562440419 0,013098 507,181 
dATP C10H16N5O12P3 C00131 1,026374325 0,023902 491,1816 
e-RNA ATP C10H16N5O13P3 C00002 0,807147258 0,019388 0,03718879 507,181 
UTP C9H15N2O15P3 C00075 0,665434381 0,015984 484,1411 
CTP C9H16N3O14P3 C00063 0,616142945 0,0148 483,1563 
GTP C10H16N5O14P3 C00044 0,991990142 0,023828 523,1804 




diglucosyl diacylglycerol C17H26O15R2 C06040   0,076935869 0,004651559 1249,93 
L-alanine C3H7NO2  C00041 0,002083892 0,000125993 89,094  
D-galactose C6H12O6  C00124 0,006764282 0,00040897 180,156 
Lipid Phosphatidylglycerol C8H13O10PR2 C00344 0,175748559 0,002835 0,00948534 1017,58 
3-O-L-Lysyl-1-O-
phosphatidylglycerol 
C14H25N2O11PR2 C04482 0,039985122 0,000645 497,58 
Diacylglycerol C5H6O5R2 C00165 0,037195462 0,0006 997,71 
Diglucosyldiacylglycerol C17H26O15R2 C06040 0,281755626 0,004545 1249,93 
Cardiolipin C13H18O17P2R4 C05980 0,395201785 0,006375 2801,23 
Protein Glycine C2H5NO2 C00037 0,839416058 0,386492 0,53669646 75,0666 
L-Alanine C3H7NO2 C00041 0,784671533 0,361286 89,932 
L-Arginine C6H14N4O2 C00062 0,374087591 0,172241 174,201 
L-Asparagine C4H8N2O3 C00152 0,538321168 0,247859 132,1179 
L-Aspartate C4H7NO4 C00049 0,282846715 0,130231 133,1027 
L-Cysteine C3H7NO2S C00097 0,310218978 0,142834 121,1582 
L-Glutamate C5H9NO4 C00025 0,328467153 0,151236 147,1293 
L-Glutamine C5H10N2O3 C00064 0,583941606 0,268864 146,1445 
L-Histidine C6H9N3O2 C00135 0,136861314 0,063015 155,1546 
L-Isoleucine C6H13NO2 C00407 0,556569343 0,256261 131,1729 
L-Leucine C6H13NO2 C00123 0,79379562 0,365487 131,1729 
L-Lysine C6H14N2O2 C00047 0,656934307 0,302472 146,1876 
L-Phenylalanine C9H11NO2 C00079 0,346715328 0,159638 165,1891 
L-Proline C5H9NO2 C00148 0,319343066 0,147035 115,1305 
L-Serine C3H7NO3 C00065 0,465328467 0,214251 105,0926 
L-Threonine C4H9NO3 C00188 0,510948905 0,235256 119,1192 
L-Tryptophan C11H12N2O2 C00078 0,155109489 0,071417 204,2252 
L-Tyrosine C9H11NO3 C00082 0,246350365 0,113427 181,1885 
L-Valine C5H11NO2 C00183 0,656934307 0,302472 117,1463 




The “Draf  LR”t  document refers to the  result  of  the  construction of  the model .  
Draft LR.xml
 
 
